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INTRODUCTION 
The study of potassium has received considerable atten­
tion in recent years. Investigators of potassium in Iowa 
soils have for the most part focused attention on those forms 
of potassium which are considered to be available for plant 
utilization. This study recognizes the importance of such 
investigations and the problems which have been pointed out 
in explaining why soils vary in plant available potassium con­
tent . However, this study is not concerned with plant avail­
able potassium per se. Rather, it is an attempt to point out 
the source of the potassium in certain soils and to explain 
on the basis of soil formation why differences in potassium 
content are found. Thus, a study of the potassium cycle dur­
ing the process of soil development was initiated since it 
was considered that genetic factors would have a primary 
Influence on soil potassium relationships. 
It has been noticed from exchangeable potassium data 
collected from Iowa soils that available potassium seems to 
generally be higher in soils of western than in soils of cen­
tral and eastern Iowa. This suggests that some factor or 
factors may be operative in the formation of Iowa soils which 
have an effect on the potassium distribution of Iowa soils. 
In examining the factors which affect soil formation in Iowa 
it seemed that the causative factor was rainfall distribu­
tion. The study was thus designed to evaluate potassium 
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distribution along the rainfall gradient in Iowa. Selected 
soils in Nebraska and Illinois were also sampled in order 
to test rainfall influence on potassium content on each end 
of the Iowa traverse. 
Questions which this study will attempt to evaluate are: 
1. Does potassium content of Iowa soils vary in any uni­
form manner in a general east-west direction. 
2* If there is a directional difference in potassium 
distribution of Iowa soils, can it be related to 
rainfall distribution. 
3. If the potassium distribution is related to rainfall 
distribution, is it also related to other indices of 
stages of soil development. 
4. If a directional potassium distribution is evident, 
what are possible explanations for such a distribu­
tion. 
5. If there is a differential in potassium content, can 
such differences be utilized in classification of 
these soils. 
It is hoped that this study will bring to light some 
facts which will provide for a better understanding of potas­
sium relationships In soils of the Midwest. 
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BACKGROUND 
Conditions have been such in an extensive area of the 
Midwest that a region of soils with broadly similar charac­
teristics has been developed. These soils have formed under 
the influence of prairie vegetation and a humid, continental 
climate, but on landscapes of varying form, age, and parent 
material (64, 73). The better drained soils of this region 
have been called Prairie soils, Brunlzems, and most recently 
Udolls (86). These soils are assumed to represent the effect 
of soil forming processes operative in this region. Marbut 
(51) used the method of geographic correlation, that is, the 
comparison of soil maps to climatic maps, etc., in establish­
ing general regional boundaries of such similar soils. He 
stated (51, p. 28): 
An examination of variations in soil characteris­
tics within any given region shows that the char­
acteristics do not differ fundamentally, but only 
in the degree of definiteness with which each 
characteristic after it once appears in the soil 
is expressed. All of the soils in such a region 
have, in comparable stages of development, the 
same kinds of characteristics, and all those 
• characteristics are expressed with the same 
degree of definiteness with which they are 
expressed, also in the number of characteris­
tics. 
Marbut (49, 51) considered that only a given number of 
characteristics would appear in soils of a given region and 
that when all such characteristics were present the soils were 
mature and no new characteristics would appear which were 
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similar in regional distribution. He felt that mature soils 
of a region were found associated with similar soils in that 
region from which they differed mainly in stage of development 
and not by kinds of development. 
Soil Forming Processes in the 
Tall Grass Prairie Region 
- The various factors affecting formation of soils with 
characteristics unique to the better drained soils of Prairie 
Regions have been discussed in detail by Smith et al. (73) and 
Barshad (3). Smith et al. (73) point out that the Prairie 
soils of the Upper Mississippi Valley region have developed 
under relatively uniform climatic and bio tic influences but 
or. a wide variety of parent materials. They consider accumu­
lation of organic matter, leaching of carbonates from surface 
horizons, formation of 2:1 lattice clay minerals, movement of 
fine clay downward with subsequent cessation due either to 
physical limitations or to flocculation by electrolytes, and 
reduction in percent base saturation with increased leaching 
to be the major processes which result in formation of Prairie 
soils. Barshad (3) after a study of California Prairie soils, 
observed that regardless of the great variation in mineralogy 
of different California Prairie soils, the nature of the 
variation in composition of colloids with depth is alike• 
This would indicate that a unique process or set of processes 
takes place in Prairie soil formation which overrides effects 
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of parent materials. This agrees with Marbut1s concepts of 
regional soil formation. Barshad also indicated that if com­
parison is to be made of soils developed under moderate weath­
ering conditions only properties which are the result of cli­
mate, vegetation, and relief can be validly compared. He sug­
gested such properties as organic matter content, exchangeable 
hydrogen, pH distribution with depth, chemical composition of 
clay, and lime distribution. 
Barshad (2) concluded after a study of factors affecting 
clay formation that the effect of time was on absolute amount 
of clay formed and not on type of clay formed. Cady (14) noted 
that the mineral composition of clays is strongly influenced 
by mineral composition of the clay in the parent material. 
Bray (10) in discussing the origin of horizons in claypan 
soils noted that soil development in the Prairie Region takes 
place rather slowly in a slightly acid to slightly alkaline 
medium under a humid, temperate climate. His observations 
Indicated that the result of such processes was the produc­
tion of secondary colloidal silicate minerals which subse­
quently moved downward through the soil and accumulated at a 
lower depth. He termed such a- process as a sub-type of the 
Podsolizatlon kind of soil formation. 
Moisture is an important factor in the genesis of soils 
of the Prairie Region. Jenny (41) notes that weathering of 
soils is controlled by moisture and temperature. It was also 
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observed by Jenny (41) within regions of uniform seasonal 
distribution patterns that satisfying correlations could be 
obtained hy using annual moisture values. Jackson et al. 
(39) also discuss the role of moisture in weathering of soils. 
Thornthwalte (77) shows that moisture Increases in a general 
west-east direction across the Midwest. This is also noted 
by Holowaychuk (33) in his discussion of soil-forming factors 
in the north central states and by Simonson et al. (72) in 
their discussion of Iowa soils. Therefore, it seems evident 
that soil development should be more pronounced from west to 
east across the region as rainfall increases. 
Clay Mineralogy of the loessial Prairie Soils 
Many investigators have related the abundance of expand­
ing type 2:1 lattice clay minerals to soil forming processes 
in the Prairie Region (3, 5, 8, 10, 11, 35, 73, 92). The 
origin of these 2:1 type clay minerals has been the subject 
of some controversy. Bray (8, 10, 11) cites much chemical 
evidence to show that these minerals originate from the break­
down of micaceous minerals. In studying properties of the 
Putnam silt loam, a prairie Piano sol, Whiteside and Marshall 
(93) found evidence of formation of expanding type clays due 
to soil development processes. Peterson (55) noted only a 
slight change in amount of montmorlllontic minerals with depth 
in a study of several Iowa soils, but observed in comparing 
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a Marshall soil to a Tama soil that there was a marked de­
crease in amount of montmorillonite in the surface of the 
Tama. He attributed this difference in distribution to more 
advanced llluvlation in Tama since it was located in an area 
of greater rainfall than the Marshall. In discussing genesis 
of Prairie soils of the Upper Mississippi Valley, Smith et al. 
(73) suggested there was not enough available data at that 
time to specifically include the dominance of 2:1 type clay 
minerals as essential in defining Prairie soils. They 
thought, however, that a definition of Prairie soils should 
include the requirement that genetically formed clays be 
domlnantly of 2:1 lattice type. Davidson and Handy (20) found 
that the clay size components in southwestern Iowa loess 
exist primarily as coatings on larger silt grains. They 
identified the clay coatings on the larger silt grains as 
being montmorillonite, and suggested: 
The occurrence of clay in the loess as coatings, 
particularly as continuous coatings, indicates 
that the present disposition of much of the clay 
is certainly secondary. This might be brought 
about by weathering .... 
These authors failed to point out the fact that their identi­
fication data, made by Dr. R. E. Grim, showed that in the 
30-42 inch depth of a Hamburg profile, illite was almost equal 
to montmorillonite in abundance. Thus in this relatively 
unweathered soil, illite was a major component and could pos­
sibly indicate that illite is a precursor of the montmorll-
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lonltes since the adjoining more acid soils showed consider­
ably less Illite. The same authors (19) studied loess samples 
taken along a traverse from Monona County, Iowa, to Cass 
County, Iowa. Samples were taken at least two feet below the 
top of the C horizon and were subjected to thermal analysis 
for clay mineral identification. The thermal curves obtained 
indicated that illite-type clay minerals were predominant in 
the clay fraction at these depths. Beavers et al. (5) found 
montmorillonite to be the principle clay mineral in all the 
loessial soils Included in their study, but felt that the 
crystalline structure of montmorillonite in the Peorian loess 
had not been materially altered by soil weathering and devel­
opmental processes. They concluded that the preponderance 
of montmorillonite throughout the soil profiles, even cal­
careous ones, indicated the stability of this mineral "under 
conditions prevailing during and since loess deposition". 
They interpreted their data as indicating that montmorillonite 
was present at time of loess deposition and as such there has 
been little if any effect of soil developmental processes on 
clay mineral type content in Illinois. Beavers (4) suggested 
that the origin of montmorillonite was due to the mineral 
being electrically attracted to charged wind-borne silt par­
ticles in areas throughout the central U.S.A. and subsequently 
carried across the mid-continent by wind and deposited in 
Illinois. Jackson (35) noted that the moderately weathered 
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Prairie soils commonly develop from loess which is character­
istically high in montmorillonitlc clay minerals. He explain­
ed that some of the montmorillonite could possibly be litho-
loglcal as Beavers (4) suggested, but it was likely that con­
siderable weathering of the micas to the expanded lattice 
type clays took place* In a study of the influence of parent 
material and topography on soil genesis in the Midwest, White 
et al. (92) observed that weathering was restricted to the 
alteration of micaceous minerals to produce partially or com­
pletely expanding minerals assumed to be vermiculite or mont­
morillonite. Glenn et al. (27) discussed the chemical weath­
ering of silicate clays in the loess-derived Tama silt loam 
soil, a Brunizem, of southwestern Wisconsin. Their data 
indicated that much of the montmorillonite present in the 
Tama soil studied was due to chemical weathering of micas. 
They give evidence indicating that it is not necessary for 
carbonates to be leached from a profile before chemical 
weathering of mica to montmorillonite takes place. They 
observed that there is a uniform weathering of mica to mont­
morillonite in calcareous loess and that acidification of the 
profile accelerated the rate. Bray (9) had observed this 
effect on weathering rate in a study of soil development in 
the Peorian loess of Illinois. In a study of the genesis of 
a Moody-Nora-Cro fton soil sequence in Northeastern Nebraska, 
Cunningham and Drew (17) found that illite and montmorillonite 
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were the dominant clay minerals present and ascribed the 
presence of montmorillonite to weathering of illite. Larson 
et al. (45) gave evidence indicating that montmorillonite is 
a product of soil development in eastern Nebraska from cal­
careous parent material. Larson et al. (46) studied some 
soils from the Chernozem Soils Region of Nebraska on the 
western fringe of the Prairie soils Region. They found mont-
morlllonitic and 1111tic clay minerals dominant in the fine 
clay fractions, but little or no kaollnite. They concluded 
from their data that the origin of much of the fine clay was 
a result of soil developmental processes rather than from 
being present in the parent loess. Their data indicated that 
illite was the dominant clay mineral of the coarse clay frac­
tion and that the nature of the coarse clay fraction had not 
been materially changed during soil development. Data by 
Johannsen et al. (42) on the Hastings soils of Nebraska indi­
cated that montmorillonite and illite are the dominant clay 
minerals with some vermicullte-llke, mixed-layer type, and 
kaollnite being present. A study of the clay minerals present 
in some Iowa soils was made by Russell and Haddock ( 68). 
Their data on the colloidal fraction of loess soils indicate 
a dominance of montmorillonite with considerable amounts of 
illite. Kaollnite was present only in small amounts. In 
another study of clay mineral composition of Iowa soils, 
Hanway et al. (30) found that montmorillonite, chlorite, 
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illite, and kaollnite were present in all profiles, but the 
dominant clay mineral was montmorillonite. 
'The data of the above investigators are generally har­
monious In establishing that montmorillonitic minerals are 
the dominant clay minerals in the loessial soils formed under 
tall grass prairie vegetation and that they probably origin­
ated from the weathering of micaceous minerals. Exceptions 
to these conclusions are those of Beavers et al. (5) and 
Beavers (4). 
Potassium and Clay Mineralogy in 
the loessial Prairie Soils 
Origin of potassium bearing clay minerals 
It will be assumed on the basis of data discussed in the 
foregoing section that the dominant clay minerals present in 
unaltered loess are of the non-expanding 2:1 lattice micaceous 
types. These micaceous clay minerals are generally considered 
to be the primary source of potassium In the clay-size frac­
tion of soils• It Is recognized that some potassium is 
present as clay-size particles of potash feldspars but these 
are likely to be in small amounts and will be ignored in this 
study. The micaceous clay mineral illite is thought to be 
the principle potassium-bearing clay mineral in soils (26). 
Bray (8, 11) assumed that all potassium present in the clay 
fraction of Illinois soils was in the illite structure. The 
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clay mineral illite was described in detail by Grim et al. 
(29). It is interesting to note that the name was coined by 
the authors from the state name, Illinois, and was used to 
describe a group of mica-like clay minerals. They describe 
the mineral as being a mica-clay with unit cell about one-
third percent shorter than that of muscovite, possibly due to 
a lower potassium content. Other than this. Grim et al. (29) 
note that the only crystallographic variation between musco­
vite, sericite, and illite is in particle size, or equiva-
lently, in perfection of crystallization. 
The probable sources of illite in Wisconsin age loessial 
deposits are the outwash plains of Pleistocene glacial till 
deposits from which lllite-bearlng sediments were swept up 
by wind and subsequently deposited as loess. Grim (28, p. 
360) writes in his text on clay mineralogy that: 
The Pleistocene till of North America has been 
extensively studied, and illite is the dominant 
clay mineral in it. Chlorite, montmorillonite, 
and kaollnite are frequently present, but are 
of subordinate importance. 
Although Beavers et al. (5) and Beavers (4) do not support 
the belief that Illite was the principle clay mineral of 
loess at time of loess deposition, Beavers (4) states that : 
I believe that the bulk of the sediments car­
ried by the Illinois and Wabash rivers during 
the time of deposition of Peorian loess were of 
Wisconsin age and that illite was the principle 
clay mineral in the sediments. 
Boswell (7) has observed in his studies that illite is 
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the dominant clay mineral in sediments ranging in age from 
Cambrian to Recent, and as such, must represent an end product 
or restlng-stage in the dlagenesis of clay minerals. Berry 
and Mason (6, p. 512) explain that clay mica, or illite, evi­
dently forms readily In sedimentary environments and by so 
doing, often makes up a large part of argillaceous sediments. 
These data are taken in support of the assumption that Illite 
was the dominant clay mineral originally present in loess. 
There is some variation among investigators concerning 
potassium content of illite. Bray (11) used 8.73 percent for 
l.O-O.lyu , 8.58 percent for 0.1-0.06*, , and 8.45 percent for 
<0.06yt* clay in calculating the illite content of the various 
clay separates. Russell and Haddock (68) used 4 percent in 
calculating illite content of <0.3/i clay. G-leseking (26) 
explained that 1111tes vary considerably in potassium content 
but that 6 percent potassium is a good assumption on which to 
base illite content calculations. 
Weathering of potassium during soil development 
Data Among the early works concerning weathering of 
clay minerals, those of Bray stand out. Bray (9) reported on 
a chemical study of soil development in soils derived from 
Peorian loess in Illinois. He postulated that initial weather­
ing of the loess was slow and that colloidal iron and aluminum 
silicates were a product. His data show that percent total 
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potassium of the <1/*. clay decreased with increasing soil 
development. He explained this on the basis of coarse-sized 
colloids breaking down to give a finer colloid lower in potas­
sium. This potassium-poor colloid, which was higher in iron 
and magnesium than the original, eventually moved downward 
through the profile. In discussing the origin of horizons 
in claypan soils, Bray (10) noted that soil development in 
the Prairie Region results in production of secondary col­
loidal silicates low in potassium content. He considered this 
type of weathering to be characterized by formation and move­
ment of a definite type of clay mineral. Bray observed (11) 
that potassium content decreased significantly with decreas­
ing particle size. He related this to a decrease in the 
illite content of the clay. He explained such results as 
being due to weathering of illite to intermediate products 
with the ensuing loss of 2 moles KgO and 1.33 moles MgO, and 
a gain of 2 mi111equivalents base exchange capacity. A 
description of chemical changes in soil colloids as they are 
influenced by soil development was made by Bray (8) on a 
group of Illinois soils. He selected a series of soils such 
that influences of parent material, topography, vegetation, 
and climate were approximately the same for all profiles. 
They differed primarily on depth of loess to the underlying 
till surface. This variable was assumed by Bray to have the 
greatest influence on rate of profile development. Bray also 
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included in this chemical study a sample from the B-horizon 
of a Fillmore silt loam in Nebraska. The potassium content 
of the Fillmore colloid was higher than that of any other 
soil colloid studied, reflecting its stage of development. 
He observed that there was a general tendency for the potas­
sium, iron, and magnesium contents of the soil colloids to 
decrease as development advanced. This was attributed to a 
more rapid breakdown of coarse clay mica with subsequent loss 
of potassium and formation of beidelllte-type colloids. It 
was concluded by Bray from this study that the effects of 
Increasing profile development on soil colloids were as 
follows: 
1. A regular increase in base exchange capacity with 
decreasing particle size. This was attributed as 
being due to variation in minerals of the various clay 
fractions rather than due to size Itself. 
2. Potassium decreased with particle size and advancing 
development while magnesium varied only with advanc­
ing development. 
3. Free iron concentrated in the fine colloid fraction 
when It is present. 
4. Potassium decreased to a practically insignificant 
value at the same time that base exchange capacity 
and magnesium content became equal. With advancing 
development, magnesium content and base exchange 
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capacity parallel each other until late stages of 
development when magnesium content becomes lower than 
base exchange capacity. 
A graphical summary of these data was presented by Bray 
(8) and is reproduced in Figure 1. These data represent the 
colloid fraction of the clay. 
If chemical data from Brown et al. (12), Bray (8), Brown 
(13), and Beavers et al. (5), are compared one notes that 
there is a tendency for K content of the loess-derived soils 
to decrease from Nebraska, across Iowa, and into south central 
Illinois. Some of these data were compiled and are given in 
Table 1. 
Jenny (40) studied the behavior of K and Na in soil 
formation and observed that Chernozem soils show little loss 
or translocation of K and Na. However, in podsolized soils, 
leaching of K and the widening of the K:Na ratio is much more 
evident. A study of climatic gradients from north to south 
showed that both K and Na weathering accelerates toward the 
south, but Na weathering accelerates faster than K weathering. 
A Putnam silt loam was studied in detail by "Whiteside 
and Marshall (93). They concluded from their data that one 
of the chief results of soil development was the formation of 
clay minerals and their redistribution within the profile. 
Their minéralogieal data showed that illite made up a large 
portion of the coarse colloid (0.5-0.1/& ) fraction and that 
Figure 1. Graph of Bray (8) showing relationship between stage 
of development and some chemical compositions of 
the super fine clay fraction of some Illinois soils 
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Table 1. Compilation of total K compositions of some loess-
derived soils formed under prairie type vegetation 
Location Soil 
Percent6 
Horizon total K 
Particle 
size Source13 
Adams Co •, 
Nebraska . Fillmore B2 2.02 <0.002 mm. (12) 
u Crete Bl 1.99 « (12) 
Sherman Co., 
Nebraska Hastings B1 1.87 
n (12) 
Phelps Co., 
Nebraska Hbldredge B1 1.98 « (12) 
Western Iowa (Average of 
40 soils) 
Subsoil 
(20 «-40») 
1.60 Whole soil (13) 
Fremont Co., 
Iowa Marshall 
Subsoil 
(10 "-30") 1.73 <2.0 mm. (50) 
Southern Iowa (Average of 
26 soils) 
Subsoil 
(20 "-40") 
1.55 Whole soil (13) 
Eastern Iowa (Average of 
26 soils) 
II 1.53 » (13) 
Jasper Co - , 
Iowa Tama 
Subsoil 
(14 "-24") 1.62 62.0 mm. (50) 
North Central 
Illinois Muscatine B 1.36 <2.0 mm. (5) 
Menard Co., 
Illinois Hartsburg B 0.89 <0.00006 ] mm. (8) 
Christian Co., 
Illinois Harrl son B 0.59 H (8) 
Fayette Co., 
Illinois Clsne B 0.80 II (8) 
O^riginal data was expressed as percent KgO but was con­
verted to percent K for this table. 
B^ibliographical citations for sources of information. 
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only a small amount of Illite was present in the fine colloid 
(<0.1yuu ) fraction, which was made up primarily of expanding 
type clays. 
Larson et al. (45, 46) studied some loess-derived soils 
of eastern and central Nebraska and found that the coarse 
clay fractions were mostly Illite while the fine clay frac­
tions were about equal in montmorillonitic and illite clay 
minerals. They also detected a small amount of kaollnite. 
From their data they concluded that much of the fine clay was 
formed by soil development processes but that the nature of 
the clay fraction had not been materially changed during soil 
development in that area of Prairie soils. 
Jackson et al. (39) plotted the distribution curve of 
clay minerals in the B horizon of a Fillmore soil from Neb­
raska and observed that the illite percentage is higher in 
soils and horizons which have been subjected to less weather­
ing. 
Beavers et al. (5) considered that montmo rilloni tic 
minerals were not necessarily of genetic origin in some 
loessial soils of Illinois. It should first be pointed 
out that their conclusions are based on the assumption 
that calcareous loess is unaltered in mineralogy. 
Their data show that montmorillonite is the principle 
clay mineral in all loessial soils studied, even in the 
calcareous loess. They interpret this as indicating that 
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montmorlllonite Is stable under conditions prevailing during 
and since loess deposition. Investigations on calcareous 
glacial tills of Wisconsin age showed ill!te to be the domi­
nant clay mineral present. Beavers et al. (5) state: 
. . • evidence indicates that variations* in the 
kind of clay minerals in the soils of Illinois 
are primarily the result of different parent 
materials and, to a much lesser extent, are the 
result of weathering processes. 
Murray and Leininger (53) studied some soils developed 
on tills of Illinoian and Wisconsin age in Indiana. They 
noted definite changes in clay mineral components resulting 
from differences in intensity of weathering within the pro­
files. They found a dominance of montmorlllonite in the most 
intensely weathered portions of the profiles and. a dominance 
of llllte and chlorite in the unweathered portions of the 
profiles. From this observation and from chemical deter­
minations it was concluded that montmorlllonite developed from 
llllte and chlorite minerals during the processes of weather­
ing. It was also shown by White et al. (92) that micaceous 
minerals were altered by weathering action to form expanding-
type clay minerals in Indiana soils derived from till. 
Glenn et al. (27) reported on a chemical weathering 
study of the loess-derived Tama soils of southwestern Wiscon­
sin. Their data Indicated that chemical weathering takes 
place before all carbonates are leached from the loess and 
that this resulted in a uniform weathering of mica to mont-
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morillon!te in the calcareous loess. They observed that as 
carbonates were leached out and the loess became acid, the 
rate of weathering of micas to montmorlllonite increased. 
Their chemical data show that potassium content of the colloid 
fraction decreased with decreasing colloid size. There was 
some evidence indicating that montmorlllonite was being 
weathered. This was indicated by a loss of montmorlllonite 
from the fine clay of the A horizon with an accompanying in­
crease in amorphous silica and aluminum, and kaoUnite. 
Wells and Biggs (90) noted similar results on a clay 
mineralogy study of a Tama silt loam from east central Iowa. 
Their data indicated that montmorillonitic minerals were not 
very abundant in the A horizon but markedly increased in the 
B and C horizons. On the basis of their data it was concluded 
that kao Unite was an important crystalline clay mineral in 
the A horizon. 
Data indicating that micaceous minerals weather to mont­
morlllonite was also shown by Lee et al. (47). Their studies 
were on soils of the Red-Earth Region of China. 
Generalizations From the data accumulated on weather­
ing of minerals, several investigators have generalized on a 
sequence of weathering of minerals in soils. Jackson and his 
cohorts (35, 37, 38, 39) have published extensively along 
these lines. They (39) note that: 
One view of weathering holds that the fundamental 
principle is embodied in the concept of direct 
weathering of a primary to a secondary mineral, 
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each particle being more or less a closed system. 
Thus . . . laboradorite alters to . . . kaoUnite 
... or volcanic ash alters to montmorlllonite 
.... Accordingly, the source of each colloidal 
silicate clay mineral is sought as a specific 
parent mineral from which the colloidal mineral 
is a "primary weathering product". 
The above authors (39) hold that: 
a. One colloidal mineral may in some cases be a parent 
material of successive colloidal products as weather­
ing continues. 
b. The weathering reactions are reversible. 
c. The entire mineral content of the clay-size fraction 
should be considered in the sequence without emphasis 
being placed on the older distinctions as to whether 
they are secondary or primary (unweathered) residuals. 
Weathering rate is considered to be a function of temperature, 
water, availability of protons and electrons, and the effects 
of surface and nature of the mineral. The first four factors 
are considered as intensity factors, and the last two as 
capacity factors (39). Rate of weathering then is due .to 
the product of intensity fac.tors times capacity factors. 
Soil geography reflects the evidence of a weathering sequence 
according to Jackson et al. (35, 37, 38, 39) and mlneralogical 
composition of soil colloids follows the weathering sequence 
geographically in accordance with the variation in weathering 
intensity factors which are controlled by the geographic dis­
tribution of climate together with time of weathering. It 
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is stated (39, p. 1258) that: 
The course of weathering is unaffected by the 
parent material, but the stage existing at any 
time is influenced by the parent material to the 
extent that the Intensity X time product has been 
insufficient to complete transformation of the 
source material. 
From the foregoing they arrived at a weathering sequence of 
soil minerals which is given elsewhere (37, 38, 39). 
Jackson et al. (37) list depotassication as being a 
reaction in the Podsolization soil forming process. They 
also give data showing the existence of a functional continu­
ity of mineral weathering between Great Soils Groups. Jackson 
and Sherman (38) discussed chemical weathering of soil min­
erals . ' They noted that rate of decrease in potassium content 
and a loss of mica to result in formation of vermiculite and 
kao Unite is accelerated when leaching lowers soil pH to 
below 7. 
Fieldes and Swindale (23) studied chemical weathering 
of silicates in soil formation and from their data arrived at 
a weathering sequence for zonal soils of intermediate weather­
ing where calcium and hydrogen ions are present in appreciable 
concentrations. They generalized that under such conditions 
mica would weather to llllte• llllte then would weather to 
vermiculite, which would in turn weather to montmorlllonite. 
A study on the effect of weathering on clay minerals was 
made by Murray and Leininger (53) in which they observed 
definite changes in clay minerals resulting from differences 
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in weathering intensity within soil profiles. They found 
montmorlllonite in the most weathered portions of the profile 
and llllte and chlorite in the least weathered portions, 
leading them to conclude that montmorlllonite resulted from 
weathering of the llllte and chlorite. 
Rich and Thomas (63) note that vermiculite may be formed 
as a weathering product of llllte and that the montmorlllon-
Ites may form from the alteration of micas, chlorites, or 
vermiculites. Mitchell (52) also concluded after studying 
the effect of soil forming factors on clay genesis that 
llllte weathered to vermiculite. 
Mechanism of potassium weathering of clay minerals 
Several investigators have reported on the mechanisms by 
which micaceous clay minerals are altered to expanding type 
clay minerals with an accompanying loss in potassium. Jack­
son (37) considers depotassication as one of the several 
chemical weathering reactions of pedogenesis. Bray (9) 
related rate of formation of colloidal Iron and aluminum 
silicates with increasing acidity. He noted that this process 
was retarded by the presence of carbonates, but was not 
stopped. A breakdown of coarse-sized colloids to give a 
finer clay colloid lower In potassium and higher In magnesium 
and iron was the mechanism by which Bray explained this 
transformation. The mica of the coarse clay loses potassium, 
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some magnesium, and takes up water, thus forming a beldellite 
type mineral containing no potassium but some magnesium and 
with base exchange properties. Bray considered that the newly 
formed colloid was then physically broken from the coarser 
mica colloid and moved elsewhere in the profile. 
Fieldes and Swindale (23) gave a detailed explanation of 
micaceous weathering. The sequence of events which they gave 
is as follows: 
1. Hydrogen ions are required to remove interlayer potas­
sium from mica to form llllte. A high pH favors the 
formation of vermiculite. 
2. Vihen both hydrogen and calcium ions are in appreciable 
concentrations, conditions which are found in zonal 
soils of intermediate weathering, the hydrogen ion 
is effective in making interlayer surfaces accessible 
to calcium ions which in turn assists development of 
a fully expanded montmorlllonite. 
3• Under acid leaching of material with high pH the high 
hydrogen Ion concentration accelerates weathering of 
mica to clay-vermiculite, but with concentration of 
alkaline earth cations being low, montmorlllonite is 
slow to form. Thus vermiculite was found in zonal 
soils of early weathering stgge under acid leaching 
conditions. 
4. Continued weathering under acid conditions degrades 
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montmorlllonite or vermiculite to kaolin and thence 
to secondary silica because under such conditions each 
mineral expands sufficiently to permit passage of acid 
soil solution between the layers of the lattice. The 
external tetrahedral silica sheets are thereby exposed 
to the acid soil solution while the octahedral alumina 
structure In the center of the lattice is protected. 
The aluminum in the exposed tetrahedral sheets is 
attacked by the acid and is removed. The crystalline 
structure of the sheet is destroyed and the silica is 
left as amorphous hydrous secondary silica. 
5. Where there are conditions of high alkalinity, the 
alkaline earth cations are effective in converting 
any hydrous mica to fully expanded montmorlllonite, 
but the alkaline pH prevents silicon and aluminum 
from becoming soluble with the result that montmorll­
lonite accumulates without any further degradation to 
kao Unite and silica or free aluminum. 
Another mechanism of weathering of the micaceous minerals 
llllte and chlorite was given by Murray and Leininger (53). 
They suggested that oxidation initiated the reaction. It was 
considered that if ferrous Iron present in the octahedral 
layer of chlorite or llllte were oxidized to ferric iron, the 
internal structure of the mineral would be somewhat disrupted, 
a feature they observed from decreasing intensity and broaden­
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ing of x-ray diffractions from basal planes of llllte and 
chlorite. The oxidation of Iron in the octahedral position 
causes a change In net charge, thus weakening the bonds be­
tween the tetrahedral and octahedral sheets. Solutions are 
then able to move between the sheets which could remove the 
potassium ions from llllte or iron, magnesium, and/or hydroxyl 
ions from chlorite. The result of the reactions would be an 
expanding type clay mineral. 
The Potassium Weathering Cycle of Clay Minerals 
It will be considered here, on the basis of the previous­
ly discussed literature, that llllte is the dominant source 
of potassium in clay. Information and ideas discussed pre­
viously also indicate that during processes of soil develop­
ment llllte is broken down to expanding type clays with the 
subsequent loss of potassium to other sources. Much of this 
potassium will eventually be lost from the soil by leaching 
solutions to groundwater and on to the oceans by way of 
streams and rivers. The resulting weathered clays will at 
some time be eroded and transported by streams back to the 
marine environment according to Murray and Leininger (53). 
There, in the presence of potassium, magnesium, and iron, 
these minerals will tend to revert back to llllte and/or 
chlorite. Berry and Mason (6, p. 512) note that llllte or 
clay mica evidently forms readily in the sedimentary environ-
29 
ment and makes up a large part of argillaceous sediments. 
Boswell (?) cited off-shore and river investigations in Cali­
fornia which indicated that minerals of the kaolinitic type 
give rise to llllte under marine conditions. He noted that 
since i111tes are the most common constituents of marine clays 
where they could be detritsl , they could also be authigenic 
as a result of synthesis from other clay minerals such as 
kao11nite. Boswell concluded that since llllte clays are 
dominant in sediments ranging in age from Cambrian to Recent, 
the mineral must be an end product, or resting stage in 
diagenesis of clays. 
Illite-rich sediments thus may again, as they have in the 
past, become available as soil parent material and the weath­
ering cycle will have been completed. 
Potassium as a Criterion for Soil Classification 
Karbut (49, pp. 85-94) discussed characteristics of soils 
which may be used as differentiating criteria. He (49, 51) 
considered that these characteristics would result from the 
effect of soil forming factors regionally operative and when 
all such characteristics which would arise from conditions 
in the region were present, the soil would be "mature". 
karbut (51, p. 28) notes however, that variations in charac­
teristics will occur in soils within a region due to stages 
of development and not differences in kind of development. 
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One of the differentiating characteristics listed by Marbut 
(49) was chemical composition of horizons. In view of the 
moisture gradient across the Prairie Region it seems from 
Marbut1 s viewpoint, if one considers degree of weathering to 
be related to moisture (41, 39), that chemical composition 
would also be related to stage of development as influenced 
by the moisture gradient. Thus one would expect comparable 
soils within a given range of rainfall distribution to have 
similar chemical composition. On this basis chemical content 
would be a criterion which could be used to differentiate 
between similar soils which are located in different geograph­
ical areas of a region. 
In Iowa there seems to be evidence to warrant usage of 
potassium content as a series differentiating criterion. 
Brown (13) lists much chemical data on soils of Iowa which 
indicate that K composition differs in the loess-derived soils 
according to the geographical order; western Iowa > southern 
Iowa > eastern Iowa. These data were interpreted by Brown 
as reflecting source of loess, but the possibility exists 
that this is the reflection of the east-west moisture gradi­
ent. Studies made by Pratt (60), while not interpreted on 
a climatic basis, also indicate that the Marshall soils of 
western Iowa have a higher K content than the morphologically 
similar Tama soils of eastern Iowa. Daniels (18) related 
K release to soil texture and concluded that soil series 
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could be separated Into types according to texture of the sur­
face horizon where K release was the only criterion used. 
Data of Hutton (34) also show that K content of loess soils 
in western Iowa Is higher than that of loess soils of 
southern Iowa. 
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INVESTIGATIONS 
Soils Studied 
Selection of soils studied 
loess-derived soils were selected for study because most 
investigators generally agree that loess is one of the more 
uniform parent materials in the Prairie Region. A preliminary 
survey of the literature indicated that potassium content of 
loess-derived colloids was higher in the western area of the 
region than of those in the eastern area of the region (8, 
12). This trend was also apparent in total potassium analyses 
of Iowa soils by Brown (13), although he attributed this dlf-' 
ference to source of the loess. If the ideas of Marbut (51) 
explaining geographic distribution of soil regions are accept­
able then it seems reasonable that a differential in degree 
and not kind of a regional soil property should be evident in 
a geographic region of similar soils. Thus it would seem 
logical that a difference in potassium content of soils in a 
geographical area such as the Prairie Region would result due 
to the actions of various soil forming factors operative in 
the region. It has already been noted that parent material 
and age and shape of landscapes vary markedly in the Prairie 
Region. Climatic and biotic factors are assumed to have been 
more uniform. Due to such differences in soil forming factors 
In the region, one must obviously attempt to control investi-
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gâtions so that as few factors vary as is possible. The 
method used in selection of soils for this investigation has 
been to select sites for which parent material, age and form 
of landscape, and vegetation effects are as uniform as pos­
sible. The varying factor is location which is assumed to be 
regionally related to climate. The effect of regional loca­
tion, or climate, on soil development should be reflected if 
samples are taken in a direction of regional climatic change. 
The climate of the entire Prairie Region is similar on a 
regional or macro scale. However, within the region there is 
a climatic variance which can be shown by rainfall and temper­
ature gradients. There is more change in rainfall across the 
region than in temperature and due to this, the sampling 
traverse was designed to measure primarily the climatic effect 
of moisture differential of the region. It is possible that 
prehistoric climatic regimes have differed in the region and 
that rainfall distribution patterns were different than at 
present. However, for lack of a means to evaluate past cli­
matic history it will be assumed that present stage of soil 
development results from rainfall distribution patterns sim­
ilar to those for which records are available. Figure 2 shows 
the average annual rainfall distribution (86, pp. 871, 850, 
977) in the tall grass prairie soils region. 
It was assumed during the course of this investigation 
that unweathered loess is one of the more homogeneous parent 
Figure 2. Rainfall distribution map (87) of the region studied 
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materials both chemically and mlneraloglcally In the area 
studied. Loess distribution in the Prairie Region is shown 
in Figure 3. Soils were selected, as the name of the region 
indicates, which developed under the influence of native tall 
grass vegetation (33). Distribution of prairie vegetation is 
shown in Figure 4. Landscape selection was made with the fol­
lowing ideas in mind. The present exposed landscapes are pri­
marily the result of multicyclic erosional processes (66). 
According to Ruhe (66) erosional cycles are initiated at the 
terminal end of a drainage system and progress systematically 
headward toward the water source. The result is that, al­
though a deposit of parent material be of the same absolute 
age, the soils developed thereon in relationship to erosional 
cycles are quite different in age. Due to the manner in which 
erosional cycles take place, the soils developed on parent 
material in the most headward positions of a landscape are the 
least affected by erosion and hence are the oldest soils on 
the landscape relative to other soils formed on that land­
scape • Such areas are found on watershed divides and are 
recognizable by being nearly level to gently sloping whereas 
in comparison, the lower, younger landscapes of an area are 
somewhat more sloping and have a greater drainage density. 
Soils found on stable landscapes should more nearly represent 
the sum of all environmental effects since time of initiation 
of soil development in an area. Comparisons of stable soils 
among areas within a region are at best relative since the 
Figure 3. Loess distribution (33) of the region studied 
38 
Figure 4. Distribution, of native tall grass prairie (33) 
of the region studied 
40 
- 41 
landscape evolutional history can vary from watershed to 
watershed. It is thought however, that this method of selec­
tion of landscapes from which to sample provides a better 
means of obtaining samples considerably higher in content- of 
genetically formed clay. 
Since the investigations deal primarily with the clay 
fraction, soils which were relatively high in <0.002 mm. com­
ponents in the B horizon were selected. Soils were also 
selected in which much of the clay content of the B horizon 
was considered to be of genetic origin. This was done by 
selecting soils which had a considerably higher clay content 
in the B horizon than either the A or C horizons. Clay ratios 
between the B and C horizons sre compiled in Table 2. Exam­
ples of clay distribution in the profile are shown in Figure 
5. It was postulated that the most notable mineralogical 
changes due to climatic effects would be found in the clay 
fraction. If one studies Bray's (8) data on a soil develop­
ment traverse in Illinois, it will be noticed that samples 
were selected which contained different clay contents due both 
to distance from loess source and depth of loess over buried 
till. On a localized study this method of sample selection 
adequately provides for differences in degree of soil develop­
ment. However, in attempting to study soils regionally one 
has to stratify the soils to be sampled in order to eliminate 
as many confounding factors as possible. Thus, in order to 
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Table 2. Clay (<0.002 mm.) content, pH of the samples and 
B/C clay ratios 
Sample Percent clay pH of 
B/C clay ratio number B horizon C horizon B horizon 
1 43.2 23.6 5.3 1.83 
2 42.9 23.5 5.7 1.83 
3 40.7 . 28.2 5.8 1.44 
4 42.1 23.3 5.8 1.81 
5 40.9 29.6 6.0 1.38 
6 41.5 30.9 5.7 1.34 
? 50.0 23.7 6.8 2.10 
8 50.7 27.1 5.8 1.87 
9 29.8 19.6 6.3 . 1.52 
10 30.2 23.2 6.0 1.30 
11 47.4 35.6 5.8 1.33 
12 37.1 26.0 5.7 1.43 
13a 32.0 27.0 5.8 1.18 
14a 32.0 28.0 5.6 1.14 
15 34.6 28.2 6.1 1.23 
16 39.9 22.7 7.6 1.76 
17 32.6 21.8 6.4 1.50 
18 40.3 29.0 7.6 1.39 
19 36.0 25.4 6.1 1.42 
20 33.4 19.2 6.3 1.74 
21 41.9 29.0 6.2 1.45 
22 45.4 — — 5.8 
Cô 
24 33.2" 27.6 5.7 1.20 
25 39.5 23.1 7.1 1.71 
26 34.5 16.4 5.3 2.10 
27 39.8 17.0 5.5 2.34 
28a 34.8 — —  6.8 
29 41.4 — 6.1 
30 41.8 24.3 5.1 1.72 
31 44.7 20.4 7.2 2.19 
32 46.0 30.6 4.4 1.50 
aData appearing in this table for these samples were 
obtained by the author. Data for all other samples were 
taken from sources listed in Table 3. 
Figure 5. Profile <0.002 mm. clay distribution of four of the 
soils studied 
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minimize such problems, samples were selected which were in 
the clayey textural classes In the B horizon. No attempt was 
made to control distance from loess source. This method of 
sampling was an attempt to select soils which, although sep­
arated geographically within the Prairie Region are similar 
in most respects with the exception of amounts of annual 
rainfall, which is assumed to vary with geographical location. 
This also provided a means of controlling physical rate of 
soil development effects across the region. Another factor 
was also considered in selection of soils to study. This was 
the amount of data presently available on certain soils which 
would add greatly to results obtained from this study. From 
this standpoint, the literature pertaining to the Prairie 
Region was surveyed and soils were selected for the study 
according to the criteria discussed previously. 
In summary, soils were selected which: l) formed under 
influence of native tall grass prairie vegetation, 2) were on 
stable landscape positions, 3) were located generally parallel 
to the existing rainfall differential across the region, 4) 
were relatively high in <0.002 mm. clay content in the solum, 
and 5) for most there is additional existing Information. 
location of soils studied 
Table 3 lists the soils included in the study, their 
location, and source of additional data. Figure 6 shows the 
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Table 3. Series, location, and depth of soil samples used in 
the study traverse 
Traverse Series 
number name 
Hori- Inches 
zona depth Location 
Source of 
additional 
data 
1 Marshall 
2 Marshall 
3 Moody 
4 Moody 
5 Moody 
Bn 10-17 Platte Co., Neb., (85) 
T20N, R2W, Sec. 
31, 100 ft. E, 
100 ft. S Of N 
1/4 corner. 
Bp-) 10-21 Madison Co., Neb., (85) 
T22N, R2W, Sec. 
32, 0.2 mile E, 
150 ft. N of SW 
corner. 
B 21 9-15 Wayne Co., Neb., (85) Ï25N, R4E, Sec. 4, 
1320 ft. E, 300 ft. 
S of NW corner. 
Bi 12-17 Cuming Co., Neb., (84) 
T24N, R6E, Sec. 
33, 600 ft. N, 
150 ft. E of SW 
corner. 
B, 14-19 Cuming Co., Neb., (84) 
T23N, R7E, Sec. 
17, 0.2 mile E, 
100 ft. N of SW 
corner. 
aSample file numbers are listed in Appendix A. 
S^eries names were taken from the sources of information 
indicated and represent the best information available to the 
author. However, there are some inconsistencies present in 
series nomenclature between soils used in this study from Iowa 
and Nebraska. The Nebraska Marshall and Sharpsburg soils 
Included in the study do not fit within the present concept 
of the Marshall and Sharpsburg series of Iowa. A further 
explanation is given In Appendix B. 
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Table 3* (Continued) 
Traverse 
number 
Series 
name 
Ho ri- Inches 
zon depth Location 
Source of 
additional 
data 
8 
10 
12 
Sharpsburg Bg^  21-30 
Crete 
Crete 
Gal va 
Minden 
B 21 
B 21 
B, 
Gal va 
10-21 
10-15 
B11 15-20 
31-39 
11 Grundy-like Bj 5-12 
B12 16-20 
Cass Co., Neb., (85) 
T11N, R10E, Sec. 
30, 0.3 mile W, 
200 ft. N of SE 
corner. 
Fillmore Co., Neb., (84) 
T8N, R1W, Sec. 33, 
1450 ft. K, 200 
ft. W of SE corner. 
Gage Co., Neb., (84) 
T6N, R6E, Sec. 17, 
1220 ft. S, 370 
ft. E of NW corner. 
Plymouth Co., Ia., (24) 
T91N, R45W, Sec. 
12, North border of 
section near East 
edge. 
Shelby Co., Ia., (79) 
T79N, R39W, Sec. 
19, NW 1/4, NE 
1/4, NW 1/4. 
Pawnee Co., Neb., (81) 
TIN, R11E, Sec. 
10, 300 ft. S, 110 
ft. E of center of 
Sec. 10. 
Cherokee Co., Ia., (24) 
T90N, R39W, Sec. 
12, É 1/4, NE 1/4, 
NE 1/4. 
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Table 3. (Continued) 
Source of 
Traverse Series Hori- Inches additional 
number name zon depth Location data 
13 Marshall 
14 tearshall B^  
15 G-alva Bgi 
16 Marcus Bg^  
17 Primghar B^  
18 Marcus Bg^  
19-28 Crawford Co., Ia., 
T84N, R37W, Sec. 
10, SE 1/4 of NW 
1/4, 300 ft. W of 
1/2 line fence, 50 
ft. S of 1/4 line 
fence. 
20-29 Crawford Co., Ia., —c 
T84N, R37W, Sec. 
12, SE 1/4, 100 
ft. W, 1320 ft. S 
of NE corner. 
15-19 O'Brien Co., Ia., (24) 
T95N, R39W, Sec. 
33, SW corner. 
23-29 O'Brien Co., Ia., (80) 
T90N, R39W, Sec. 
15, 430 ft. N, 
355 ft. W of SE 
corner of SW 1/4. 
17-25 O'Brien Co., Ia., (80) 
T97N, R40W, Sec. 
34, 160 yds. N, 290 
yds. E of SW corner 
of SE 1/4. 
17—24 Clay Co», Ia., (80) 
T95N, R38W, Sec. 
12, 260 ft. N of 
NW corner of SW 
1/4 of SW 1/4. 
cNo previous data on these samples. See Appendix C for 
field descriptions. 
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Table 3. (Continued) 
Source of 
Traverse Series Hori- Inches additional 
number name zon depth Location data 
19 Prlmghar Bgi 16-21 
20 Moody A3B1 13-16 
21 winterset B22 24-28 
22 Seymour B22 22-29 
23 Seymour B22 23— 28 
24 Tama B 
'22 25-29 
Clay Co., Ia., (80) 
T95N, R30W, Sec. 
14, 360 ft. S, 120 
ft. W of NW corner 
of HE 1/4 of NE 
1/4. 
Lyon Co., Ia., (24) 
T99N, R48W, Sec. 
5, NE 1/4, SE 1/4, 
SE 1/4. 
Madison Co., Ia., (67) 
T75N, R28W, Sec. 
4, 450 ft. N, 25 
ft. W of SE corner 
of SW 1/4 of NE 1/4. 
Wayne Co., Ia., —& 
T68N, R22W, Sec. 9, 
457 ft. S, 152 ft. 
W of NE corner of 
SE 1/4. 
Wayne Co., Ia., —d 
T68N, R20W, Sec. 3, 
342 ft. W, 497 ft. 
S of NE corner of 
SW 1/4. 
Tama Co., Ia., (82) 
T85N, R13W, Sec. 
14, 140 ft. S of 
E-W fence, 43 ft. 
W of N-S fence, NE 
corner of S 1/2 of 
NW 1/4 of NW 1/4. 
&No previous data on these samples. Descriptions and 
data will be published In some future report from Soil Con­
servation Service Lincoln Laboratory, Lincoln, Nebraska. 
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Table 3. (Continued) 
Traverse 
number 
Series 
name 
Horl- Inches 
zon depth Location 
Source of 
additional 
data 
25 Talntor 
26 
27 
28 
29 
30 
31 
32 
Muscatine 
Ipava 
Hartsburg 
Harrison 
Herrlck 
Cowden 
Clsne 
®22 23-28 Washington Co., (67) 
la., T76N, R8W, 
Sec. 22, 511 ft. 
K, 743 ft. W of SE 
corner of SW 1/4 
of SW 1/4. 
Bpi 25-27 Mercer Co., 111., (5, 59) 
T13N, R2W, Sec. 23, 
SE 1/4, SE 40, 
SE 10. 
B 17-23 Fulton Co., 111., (5) 
exact location 
unknown. 
B 18-24 Menard Co., 111., (8) 
T18N, R7W, Sec. 6, 
NE 1/4, NE 40, 
NE 10. 
B 18-25 Christian Co., 111., (8) 
T13N, R2W, Sec. 6, 
NE 1/4, NE 40, 
SE 10. 
B2]_ 21-23 Christian Co., 111., (5, 58) 
TUN, R2W, Sec. 6, 
NW 1/4, NW 40, 
SW 10. 
B03 30-40 Montgomery Co., 111.,(5, 57) 
T10N, R1W, Sec. 2, 
SE 1/4, SW 40, 
SW 10. 
Bpi 21-31 Fayette Co., 111., (5, 8, 
T7N, R1E, Sec. 4, 54, 56) 
NE 1/4, NE 40, 
NE 10. 
t 
Figure 6. Location of sampling sites of the region studied 
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regional distribution of the samples. Table 4 shows the 
classification of the soils used in this study. 
Laboratory Methods of Analysis 
Particle size distribution 
Particle size distribution data which were not available 
from other sources were determined utilizing the pipette 
method (44) with sample withdrawals made at time Intervals 
calculated from Stokes1 Law and listed by Tanner and Jackson 
(76). 
Fractionation of samples 
All samples were fractionated into <0.001, 0.001-0.002, 
and 0.002-2.0 mm. components. Selected samples were further 
fractionated into 0.002-0.020, 0.020-0.050, and 0.050-2.0 
mm. components. The procedure used was as follows: A 50 gram 
sample of <2 mm. air-dry soil was weighed on a torsion balance 
and placed into discarded, cleaned acid bottles. A liter of 
distilled water and 20 mis. of 1.0 N NaOH were added to dis­
perse the clay particles. This mixture was shaken overnight 
on a horizontal shaker In order to get complete dispersion of 
clay. The Jars were then removed from the shaker, taken up 
to 2 liters volume with distilled water, and allowed to come 
to room temperature. The jars were then thoroughly shaken by 
hand, carefully replaced on the laboratory bench and allowed 
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Table 4. Higher category classification of soils included 
in the study traverse 
Traverse Great 7th Approximation5 
number Soil Group0 Order Suborder Great Group 
32 Pianosol 7. Alfisol 7.1 Aqualf 7.11-5. Albaqualf 
Mollisol 
31 u 5. Mo111sol 5.2 Alboll 5.21 Argalboll 
16 Wiesenboden 5. Mo111sol 5.3 Aquoll 5.31 Haplaauoll 
18 u « M M 
28 n n n ii 
21 » » ii 5.32 Argaquoll 
25 » n u ii 
1 Brunizem 5. Mollisol 5.5 Udollc 5.52 Hapludoll 
2 n n II c n 
9 n n n n 
10 n u n « 
12 » n ii n 
13 n n » n 
14 » n » n 
15 n n n " 
17 n » M n 
19 u » » » 
6 » n ii 5.53 Argudoll 
11 u n n m 
22 n n n » 
23 n n » » 
24 m n n II 
26 ii ii n « 
27 ii n n n 
29 ii » » » 
aSee (86). 
bSee (1, 78). 
C^lassification of these Nebraska series names into 
7th Approximation (86) by Dr. A. R. Aandahl, U. S. Department 
of Agriculture• Soil Conservation Service. Lincoln, 
Nebraska. 1963. 
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Table 4. (Continued) 
Traverse Great 7th Approximation 
number Soil Group Order Suborder Great Group 
30 
3 
4 
Brunizem 5. 
Chernozem 
ii 
Mollisol 
ii 
II 
5.5 Udoll 
IIC 
tiC 
5.53 Argudoll 
5.52 Hapludoll 
» 
5 n ii «C ii 
20 ii n II n 
7 
8 
n 
« 
n 
n 
5.6 Ustoll0 
IIC 
5.63 Argusto11 
n 
to sediment. Velocities for sedimentation of the various size 
fractions were calculated from Stokes1 Law. Corrections were 
made for temperature changes and the solution of suspended 
material was then removed from the jars with gentle suction 
at a depth calculated from velocity and time of sedimentation. 
The suspension was then placed into large hollow-walled por­
celain filtering flasks from which the water was removed by 
suction. The suspended clay material remained inside the fil­
tering flask. Sedimentation and removal of suspension was 
continued for each size-fraction until a clear solution was 
obtained above the sedimentation depth at given time and 
temperature. This procedure took several days to completely 
remove the < 0.001 mm. clay from suspension. The segregated 
fraction was removed from the porcelain filtering flask by 
back-flushing with distilled water and the resulting concen­
trated clay suspension was poured into polyethylene bottles 
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for storage until further use. 
Total potassium 
Potassium content of the various fractions was deter­
mined flame photometrically from a chloride (HCl) solution of 
sample residue after decomposition with hydrofluoric acid. 
This method Is discussed by Jackson (36, p. 283). 
Potassium content of whole soil (<2.0 mm.) from several 
profiles was determined by fusion with KagCOg, dissolving the 
melt in distilled water and burning an aliquot in a flame 
photometer (36, p. £84). All determinations were made in 
duplicate. Duplications are within 5 percent error. 
Sodium tetraphenylboron-extractable potassium 
Sodium tetraphenylboron-extractable potassium was deter­
mined using the aqueous extraction techniques described by 
Reed and Scott (62), end Heed (61). The procedure is given 
In Appendix C. 
Exchangeable potassium 
Exchangeable potassium determinations were made by the 
Soil Testing Laboratory, Agronomy Department, Iowa State 
University (31). Determinations were made on both field-moist 
and air-dry samples. 
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Cation exchange capacity of clay 
Cation exchange capacity of the <0.001 mm. size fraction 
of selected samples was determined using a modification of 
the procedure given in Agriculture Handbook 60 (88). The 
modification consisted of washing three times with NaOAc 
instead of four times. A sample of approximately 200 mg. was 
used. The samples were not treated to remove organic matter 
since they were from subsurface horizons and also due to con­
cern about the unknown effects of harsh removal procedures 
on the unit charge of clay minerals. No correction was made 
for moisture content. The exchange sites were saturated with 
sodium which was then determined by flame photometry and the 
cation exchange capacity calculated. 
Mineral identification of <0.001 mm. fraction 
The x-ray Identification techniques outlined by Warshaw 
and Roy (89) were used to identify the clay minerals present 
in the <0.001 mm. fraction. Samples were prepared for irradi­
ation by the following method. 
An aqueous suspension of the < 0.001 mm. material was 
applied to the surface of a small, slightly porous ceramic 
tile and suction was applied from beneath. This resulted in 
an oriented film of < 0.001 mm. material on the surface of the 
tile. The clay films were allowed to air dry and then were 
subjected to irradiation in a General Electric Model XRD-5 
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diffractometer^  with a copper tube and a nickel filter. 
Diffraction traces were obtained at 5000 counts per second, 
50 kilovolts, and 16 milllamperes, and identification made 
according to the procedures of Warshaw and Roy (89). 
Potassium feldspar content of 
0.02-0.05 and 0.05-p.o mm. fractions 
Staining techniques were used for potassium feldspar 
determinations in the sand and coarse silt fractions. This 
method is discussed by De Leenheer (21), Hawkins and Graham 
(32) and Gabriel and Cox (25). A portion of a thoroughly 
mixed sample is gently blown by air over a film of nearly dry 
black rubber cement adhering to a glass slide. The mineral 
fragments are thus partially embedded in the black cement. 
After thoroughly drying, the slide is placed, sample down­
ward, over a container of HF. The HF fumes partially decom­
pose the surface of the minerals. The slide is then care­
fully immersed into a saturated solution of sodium cobaltini-
trlte which preferentially stains the potassium feldspars a 
brilliant yellow due to the formation of a potassium cobaltini-
trite precipitate on the surface of the freshly decomposed 
potash-feldspar grains. After carefully washing excess sodium 
1%-ray diffraction data were obtained In the laboratory 
of Dr. R. L. Handy. Iowa Engineering Experiment Station. 
Iowa State University of Science and Technology. Ames, Iowa. 
1963. 
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cobaltinltrite off the slide with distilled water, a micro­
scopic grain count of the yellow-stained potash feldspars on 
the black cement background is made. A minimum of 300 grains 
was counted In each of three different randomly selected 
areas of the slide. The results were expressed as percent 
by number. 
Statistical correlation 
Correlations were made according to the methods of 
Snedecor (74, pp. 160-194). Tests were made for significance 
of the correlation coefficients and linear equations were 
derived to fit the regressions. 
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RESULTS 
Clay Content 
Table 2 gives the content of the <0.002 mm. components 
in each sample studied. Samples were selected on the basis 
of a considerably high content of genetically formed clay in 
the B horizon as indicated by a bulge in profile clay dis­
tribution curves and B/C clay ratios greater than unity * It 
was considered that the clay assumed to be genetically formed 
would reflect climatic effects on soil development. The 
samples generally range in clay content from 30 to 50 percent 
in the horizon of maximum clay accumulation and from 17 to 30 
percent in the C horizon. An attempt was made to correlate 
pH, K content, exchangeable hydrogen, cation exchange capac­
ity, and annual rainfall to clay content in the zone of maxi­
mum clay accumulation and also to B/C horizon clay ratios. 
Such comparisons gave poor relationships• These poor rela­
tionships may be due to an insufficient number of samples or 
possibly to the fact that as Barshad observed (2), the total 
amount of clay formed is not necessarily related to the type 
of soil forming process but to factors which intensify the 
physical breakdown of mineral particles. It would thus seem 
possible that chemical properties of the clay would not be 
so much related to the total amount of clay which is present 
than as to the molecular and atomic components of the clay 
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as influenced by type of soil development. 
This would indicate then that the differences in clay 
content which are present in the samples studied do not exert 
much influence on the soil properties compared. Thus, it 
seems that the samples were adequately selected in order to 
control any effects which physical clay development might have 
had on other soil properties to which clay content was com­
pared. Therefore the total amount of clay would not be 
expected to correlate to the chemical properties of clay. 
Thus, as Kelley et al. (43) suggested, pH may not necessarily 
be related to formation of some clay minerals. However it is 
possible that some individual sample deviations may be ex­
plained on the basis of differences in clay content. 
Total Potassium 
Total K content in <0.001 mm. fraction 
Total K contents of the < 0.001 mm. fractions of the B 
horizon of the soils studied are given in Table 5. Samples 
are listed in Table 5 in order of increasing distance from 
the western-most site, sample number 1, Figure 6, which also 
was the soil with highest K content. Platte County, Nebraska, 
is the site which has the highest K content in the <0.001 mm. 
fraction and also is the western-most site of the traverse. 
Therefore Platte County was taken as a reference, or zero 
point of the traverse and distances to other sites were 
62 
Table 5. Total K content of the <0.001 mm. clay of B and C 
horizons and other traverse data 
Av. Inches to 
Inches middle of 
Sample Miles annual % total K maximum clay 
number distance* raln^  B horizon C horizon horizon0 
1 0 27 2.17 — 13.5 
2 20 27 2.00 1.91 15.5 
3 50 27 1.74 12.0 
4 50 29 2.00 14.5 
5 50 29 1.86 — — 16.5 
6 85 29 1.84 1.80 25.5 
7 85 29 1.99 1.94 15.5 
8 90 29 1.74 1.83 12.5 
9 110 27 1.62 1.78 18.0 
10 110 29 1.81 — —  35.0 
11 120 31 1.65 1.69 8.5 
12 130 29 1.57 —  —  18.0 
13 140 31 1.75 1.78 23.5 
14 140 31 1.82 1.68 24.5 
15 145 29 1.53 — 17.0 
16 150 29 1.52 26.0 
17 150 27 1.58 — —  21.0 
18 155 29 1.59 — 20.5 
19 155 27 1.40 —  —  18.5 
20 180 27 1.49 1.74 14.5 
21 190 33 1.49 26.0 
22 240 35 1.49 1.36 25.5 
23 250 35 1.35 — 26.5 
24 265 33 1.30 1.58 27.0 
25 310 35 1.23 — 25.5 
aLlnear distance from site with highest percent total K 
In <0.001 mm. fraction of the horizon of maximum clay accumu­
lation. 
R^ainfall data are taken from the rainfall distribution 
pattern shown In Figure 2. 
cDepth Is derived by taking half the distance between 
top and bottom of the horizon of maximum clay accumulation. 
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Table 5. (Continued) 
Sample 
number 
Miles 
distance 
Av. 
Inches 
annual 
rain 
% total K 
B horizon C horizon 
Inches to 
middle of 
maximum clay 
horizon 
26 385 35 1.19 1.83 29.5 
27 415 33 1.17 — —  26.5 
28 425 37 1.24 — 21.0 
29 470 37 1.11 21.5 
30 480 37 1.27 1.48 30.0 
31 490 37 1.26 1.47 32.5 
32 505 • 39 1.20 — 32.5 
measured from there. It may be seen from Figures 2, 4, and 6 
that Platte County is situated in the drier area of the tall 
grass prairie region. It is readily evident from the data in 
Table 5 that there is a trend for K content to progressively 
increase from the eastern-most sample sites to the western­
most sample sites. This is in agreement with the data ex­
tracted from the literature and listed in Table 1. The rela­
tionship between K content of the <0.001 mm. fraction of B 
horizons and distance from the western origin of the sampling 
traverse is shown in Figure 7. Correlation of K content and 
distance was found to be highly significant. A linear equa­
tion was derived for the data and is also shown in Figure 7. 
Figure 7. The relationship between potassium content of the 
<0.001 mm. clay fraction from the zone of maximum 
clay accumulation and geographical location of 
soils included in the study 
PERCENT TOTAL K IN <OOOIiwn. FRACTION OF B HORIZON 
99 
66 
Total K content In the 0.001-2«0 mm» fractions 
Selected samples along the study traverse were further 
fractionated into coarse clay (0.001-0.002 mm.), fine silt 
(0.002-0.020 mm.), coarse silt (0.020-0.050 mm.) and sand 
(0.050-2.0 mm.) components. The size range included in the 
sand fraction is somewhat misleading due to the fact that in 
the loess samples the bulk of the sand fraction Is of fine 
sand and very fine sand (0.25-0.05 mm.) size. Data for total 
K content of these components are shown in Table 6. These 
data again generally show a progressive increase in K content 
from east to west. Correlations were made between K content 
and distance from the western-most site and were found to be 
significant in every case except that of the K content of 
coarse clay (0.001-0.002 mm.) in the C horizons. Regression 
lines for these data are plotted in Figures 8 to 12. Linesr 
equations were derived and are shown on the figures• 
Exchangeable Potassium 
Soil test data for exchangeable K on both moist and dry 
samples are listed for several of the samples on the western 
portion of the traverse in Table 7. The sample numbers are 
the same as those of the traverse study and Platte County, 
Nebraska is the site furtherest west. Distance to other 
sites was measured using Platte County as the index or zero 
point. These data were determined in the Iowa State Soil 
Table 6. Percent total K content of >0.001 mm. fractions of selected samples from 
the study traverse 
Percent total K 
0.001-0»002 mm. 0.002-0.020 rnniT 0.020-0.050 mm. 0.060-2.0 mmT~ 
Sample B 0 B 0 B 5 B 5 
number horizon horizon horizon horizon horizon horizon horizon horizon 
1 3.09 —  —  2.49 mm — 2.05 W — 2.28 
4 2.96 2.49 — w 2.01 WW 2.13 
6 2.84 2.49 2.27 2.32 2.00 2.14 . 2.14 2»28 
9 2»20 2.19 2.34 2.22 1.86 1.96 2.01 2.13 
11 2»53 2.39 2.27 2.21 1.87 1.94 1.88 1.49 
13 3.12 2.49 2.44 2.33 1.86 2.04 1.79 2.08 
17 2.60 ww 2.20 WW 1.63 —  —  1.57 W — 
20 2.08 2.10 2.20 2.05 1.69 1.64 1.77 1.78 
21 2.59 WW 2.17 WW 1.66 —  —  1.32 W — 
22 2.62 2.11 2.16 2.21 1.65 1.72 1.41 1.49 
24 2.26 2.29 2.04 2.15 1.64 1.83 1.63 1.63 
26 2.29 2.26 2.13 1.98 1.80 1.61 1.58 1.64 
28 2.10 w — 2.05 — — 1.72 —  —  1.71 ->* — 
31 1.96 — —  2.00 W-. 1.78 MM 1.34 — —  
32 2»26 WW 1.70 — —  1.32 — — 0.88 — w 
\ 
Figure 8. The relationship between potassium content of the 
<0.001 mm. clay In the B and 0 horizons and 
geographical location of soils included In the study 
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Figure 9. The relationship between potassium content of the 
coarse clay fraction of B and 0 horizons and 
geographical location of soils included in the study 
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Figure 10. The relationship between potassium content of the 
fine silt fraction of B and 0 horizons and 
geographical location of soils included in the 
study 
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Figure 11. The relationship between potassium content of the 
coarse silt fraction of B and C horizons and 
geographical location of soils Included In the 
study 
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Figure 12. The relationship between potassium content of the 
sand fraction of B and 0 horizons and geographical 
location of soils included in the study 
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Table 7. Exchangeable K (lbs. per acre 6 Inches) for several 
samples of the study traverse 
Air-dry samples Moist (25#) samples 
Sample 
number 
Horizon Horizon 
A B C A B C 
1 >400 >400 >400 >400 >400 270 
2 >400 360 312 >400 147 145 
3 >400 256 244 >400 81 72 
4 >400 >400 256 >400 290 78 
5 >400 316 240 >400 159 67 
6 392 >400 380 >400 266 168 
7 >400 >400 >400 >400 >400 >400 
8 312 >400 >400 272 136 350 
9 >400 240 200 >400 130 45 
11 >400 >400 300 >400 113 88 
13 >400 236 228 >400 96 72 
14 292 220 208 290 61 53 
17 184 184 204 114 45 41 
20 400 200 168 330 39 42 
Testing Laboratory at Ames. They are inconclusive although 
there does seem to be a trend for the samples furtherest west 
In Nebraska to be higher in exchangeable K than the ones to 
the east In Iowa. This has been reported also for soil asso­
ciation areas of Iowa by Riecken and Smith (65). This trend 
can be shown for Iowa by data taken from a summary of soil 
test samples In Iowa (75). Data were selected from counties 
in the loesslal regions of Iowa and are listed in Table 8, 
in order from west to east through the state. These data show 
the percent of soil samples per county which tested high, 
medium, low, or very low In exchangeable K. There is no 
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Table 8. Level of exchangeable K from soils in several Iowa 
counties in the loessial areas 
County 
Percent of soils tested 
Very low Low Medium High 
Lyon 0 1 4 95 
Sioux 0 0 2 98 
Cherokee 0 0 2 98 
Ida 0 0 1 . 99 
Crawford 0 0 2 98 
Shelby 0 0 3 97 
Audubon 0 0 3 97 
Adair 1 1 24 74 
Madison 0 2 32 66 
Marshall 0 7 44 49 
Tama 0 6 52 42 
Johnson 4 27 52 17. 
breakdown of samples on the basis of any soil forming factors, 
or taxonomic units, thus at best these data only indicate a 
trend. 
Sodium Tetraphenylboron-Extractable Potassium 
Sodium tetraphenylboron (TPB) was used as an extractant 
for K on several soils of southern Iowa. This procedure has 
been used previously (69, 70) in K release studies In order to 
minimize effects of lattice collapse on K release. It was 
hoped that this method might possibly provide a means of 
characterizing soils on their ability to release K. Soil 
samples (<2.0 mm.) were Incubated for 7 days with TPB and the 
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results are given in Table 9 along with total K content of the 
whole (<2.0 mm.) soil sample. The Taintor, Mahaska, and Otley 
soils represent a drainage catena in southeastern Iowa, 
Taintor being the Wiesenboden and Otley being the Brunizem. 
Considering the whole profiles the soils released K to TPB in 
the order Otley > Mahaska > Taintor. There was not so much 
difference in K content of Otley and Mahaska as between either 
of these and Taintor. The total K content of Taintor was 
considerably lower than Otley or Mahaska. 
Two Macksburg and two Winterset profiles were also 
analyzed for K release to TPB in a 7 day period, and for 
total K content of the whole soil. These soils are found in 
southwest Iowa, Macksburg being a Brunizem and Winterset its 
associated Wiesenboden. Again, as was noted in the southeast 
Iowa profiles, the Brunizem, Macksburg, released more K to 
TPB in 7 days than did the Wiesenboden, Winterset. Macksburg 
is also slightly higher in total K content. 
A comparison was made between amounts of K released to 
TPB from two Marshall soils from western Iowa and two Tama 
soils from eastern Iowa. The results of this experiment are 
shown in Table 10. These data show that the Marshall soils 
release somewhat more K in a 7 day period than the Tama soils 
and much more K in a 30 day release than the Tama soils. 
Another study was made on the two Marshall soils concern­
ing rate of release of K with time. Samples were incubated 
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Table 9. Total K and sodium te trapheny lboron-ex trac table K 
from five loess-derived Iowa soils6 
PPM K 
released 
Hbri- Inches Percent in 7 days 
son depth total K to TPB 
PPM K 
released 
Hori- Inches Percent in 7 days 
zon depth total K to TPB 
Mahaska 
P-711 P-715 
AlT) 0-7 1.62 2040 Alx) 
A3 13-18 1.63 2370 A3* 
B]_ 18-24 1.51 2580 B1 
Bqq 30-40 1.57 2655 Bgg 
Cg 73-78 1.47 1320 C4 
Otley 
P-712 P-715 
A1d 0-7 1.60 2100 Aln 
A3 12-17 1.58 2160 A3 
B21 17-21 1.54 2370 Bx 
Bog 21-26 1.48 2505 Bgg 
Cg 73-89 1.55 2280 Cg 
Taintor 
P-714 . P-716 
A1d 0-6 1.41 1290 AltJ 
ky 12-17 1.51 1980 A3 
 
 
17-22 1 .50 £190 
28-34 1 .56 2415 
60-70 1 .62 2580 
Bi Bon 
Bgg —3 . Bgg 
0% C4 
Macksburg 
P-71? 
0-8 1 .61 1650 
13-17 1 .63 2160 
17-23 1 .64 2280 
30-35 1 .58 2550 
67-75 1 .75 2460 
Air, 0-6 1.71 2520 Alp 
A3 12-18 1.76 2580 A3 
B-> 18-24 1.92 2790 Bx 
Bog 30-36 1.96 2880 Bgg 
Cg 73-83 2.16 3300 Cg 
0-6 1 .60 2145 
11-15 1 .55 2520 
15-20 1 .59 3180 
25-32 1 .60 3180 
67-79 1 .64 1800 
0-7 1 .53 1080 
13-18 1 .52 1650 
18-23 1 .49 2010 
23-28 1 .55 2040 
72-82 1 .55 2100 
P-.720 
0-7 2 .10 2610 
14-20 2 .16 2780 
20-25 2 .07 2880 
30-36 2 .06 3240 
60-69 2 .28 3510 
A^nalyses made on <2.0 mm. size. 
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* 
Table 9. (Continued) 
PPM K PPM K 
released released 
Hori- Inches Percent in 7 days Hbri- Inches Percent in 7 days 
zon depth total K to TPB zon depth total K to TPB 
Winterset 
P-718 : P-719 
Aip 0-7 2.04 2010 Alp 0-7 2.06 1710 
A3 13-18 2.03 2490 A3 19-25 2.04 2610 
Bgl 18-24 1.95 2610 B21 25-32 1.91 2730 
Bgg 24-28 1.96 2730 Bog 32-39 1.98 2850 
Cg 63-71 2.06 2700 Cg 69-79 2.12 2940 
for 3, 7, 14, 30, and 60 day periods. The amount of K ex­
tracted by the TPB for each period is shown in Table 11. 
These data again point out the trend which was evident 
from the total K data of the B horizon. The western-most 
soils released more K to TPB than did the more eastern soils. 
Macksburg released more K than Mahaska, Winterset released 
more K than Taintor, and the two Marshall soils of western 
Iowa released more K than their analogues in eastern Iowa, 
the two Tama soils. 
Mineralogy 
Mineral Identification was made on selected samples of 
the <0.001 mm. fractions. X-ray diffraction tracings were 
obtained for each sample and identification of minerals was 
made using the techniques of Warshaw and Roy (89). Evidence 
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Table 10. Comparison of Marshall and Tama soilsa for release 
of K during two time periods to TPB 
Inches PPM K Inches PPM K 
Horizon depth 7 day 60 day Horizon depth 7 day 60 day 
Marshall 
M-I M-II 
1 
»12 A3 
B1 21 
522 
g31 
fit 
°1 
0-11 2580 5040 A1 *0-12 2520 4920 11-19 2700 5400 A3 12-20 2610 5460 19-28 2940 6300 B1 20-29 2790 5940 28-37 3030 6675 b2 29-37 2910 6610 37-43 3180 6970 b3 37-44 2820 6650 
43-54 3060 6450 C 44-54 3480 6600 
Tama 
P-27B 
0-6 2280 4200 
6-10 2700 4200 
10-14 2280 4470 
14-18 2340 4740 
18-24 2520 5040 
24-30 2535 5140 
30-34 2370 4680 
34-40 2460 5040 
40-50 2580 5100 
50-58 2580 5280 
k. $2I 
B22 
|23 
B3C1 
C1 
P-710 
0-6 1/2 2100 3600 
6 1/2-11 2130 3660 
11-16 1/2 2190 4020 
16 1/2-20 2340 4530 
20-25 2400 4260 
25-29 2430 4440 
29-35 2400 4410 
35-45 2460 4530 
45-51 2760 4920 
51-61 2520 4500 
aVJhole soil (<2.0 mm.) fraction. 
for montmorlllonlte and llllte clay minerals includes presence 
of 17 i and 10 % peaks respectively, from glycolated samples. 
The presence of a 7.2 & peak which disappears completely on 
heating to 500°C is taken as evidence for the presence of 
kaolin!tic clay minerals. Imperfect definition in the 14-17 i 
region of a glycolated sample suggests mixed layer components. 
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Table 11. Release of K from Marshall silt loam soils6 
to TPB during several periods of time 
PPM K 
Horizon 
Inches 30 3 7 14 30 60 
depth min. days days days days days 
Marshall M-I 
0-11 1050 2400 2580 3000 3180 5040 
11-19 2520 2700 3060 3510 5400 
19-28 2730 2940 " 3540 3840 6300 
28-37 1200 2910 3030 . 3735 4140 6675 
37-43 2910 3180 3780 4200 6970 
43-54 — — 3090 3060 3690 4080 6450 
Marshall M-II 
0-12 2430 2520 2820 3270 4920 
12-20 2670 2610 3750 3360 5460 
20-29 2700 2790 3540 3660 5940 
29-37 2955 2910 3690 3855 6610 
37-44 I • — 2940 2820 3630 3960 6650 
44-54 — — 3000 3480 3780 4140 6600 
I 
I 
aWhole soil (<2.0 mm.) samples. 
The main objective of this study was to determine the 
amounts of non-expanding 10 % micaceous clay minerals present 
relative to expanded 17 % clay minerals present. It was 
decided that one way to make such comparisons was to try to 
arrive at some measure of intensity of peaks for the 10 % 
and 17 A minerals. Therefore, peak heights above the base 
line were measured in terms of number of blocks, where the 
tracings were made on paper with 10 squares per linear inch. 
In instances where peaks ran off the paper at 5000 counts per 
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second, peak heights were interpolated on 10 squares per inch 
graph paper. These data are presented in Table 12. The data 
show that on the basis of this type of comparison, the peak 
o 
height of 10 A micaceous clays decreases In the soils from 
west to east while peak height of 17 % expanded clays in­
creases. 
Table 12. X-ray, total K, and rainfall data for some soils 
in the study traverse 
Sample 
number 
Intensity 
17 i 10 % 17 J/10 & 
Av. annual 
Percent inches Great Soil 
total K rainfall Group 
1 31 16 1.94 2.17 27 Brunizem*5 
2 47 10 4.70 2.00 27 it 
6 72 6 12.00 1.84 29 H 
9 65 5 13.00 1.62 27 » 
11 39 5 7.80 1.65 31 H 
13 62 6 10.33 1.75 31 II 
17 70 3 23.33 1.58 27 n 
24 70 2 35.00 1.30 33 it 
22 90 4 22.50 1.49 35 Brunizem0 
26 78 2 39.00 1.19 35 u 
18 80 5 16.00 1.59 29 "Wiesenboden 
21 85 3 28.33 1.49 33 M 
28 84 3 28.00 1.24 37 H 
20 62 4 15.50 1.49 27 Chernozem 
31 89 2 44.50 1.26 37 Pianosol 
32 78 2 39.00 1.20 39 u 
MA. 
aPeak height above base line at 5000 cps, 50 KV, and 16 
W^ell drained Brunizems. 
cImperfectly drained Brunizems. 
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An attempt was made to identify K-bearing feldspars 
present in the sand and coarse silt fractions of selected 
samples along the traverse. This was accomplished using 
staining techniques. These data are listed in Table 13. On 
comparing the range in K-feldspar content and the range In 
total K content of the two fractions it is noticeable .that 
there is a greater change In K content than in K feldspar con­
tent . This could possibly be explained on the basis of 
Table 13. K feldspar content of the coarse silt and sand 
fractions in B horizons of selected samples of 
the study traverse 
Sample 
number 
Great 
Soil 
Group 
Coarse silt 
(0.02-0.05 mm.) 
Sand 
(0.05-2.0 mm.) 
Percent 
K feldspars Total K K feldspars Total K 
1 Brunizem6 11.5 2.05 15.7 2.28 
6 H 11.7 2.00 16.4 • 2.14 
9 u 12.6 1.86 14.0 2.01 
11 » 10.8 1.87 14.0 1.88 
13 it 12.7 1.86 11.6 1.79 
17 « 12.2 1.63 12.9 1.57 
22 Brunizem*3 11.9 1.65 9.2 1.41 
26. M 11.8 1.80 16.3 1.58 
18 Wiesenboden 8.7 14.1 
21 M 6.8 1.66 10.9 1.32 
31 Piano sol 11.4 1.78 7.0 1.34 
32 u 8.4 1.32 5.8 0.88 
aWell drained Brunizems. 
I^mperfectly drained Brunizems. 
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weathering rate of micas In these coarse fractions. Potassium 
is more easily weathered from micas than from feldspars, thus 
in the eastern portion of the traverse where there is more 
moisture the total K content of the coarser fractions Is much 
lower than in the western portion while there is little dif­
ference in K-feldspar content In these coarse fractions. 
X-ray data for the < 0.001 mm. fraction show that as total K 
content decreases, west to east, intensity of the micaceous 
clay peak also decreases, Indicating that total K present is 
related to the mica-clay content. If this is the case then 
it should also stand to reason that there is a weathering 
differential from west to east in micaceous components of the 
coarser soil fractions with the result that although K-feld­
spar content decreases slightly, the total K content decreases 
more so due to the greater ease of weathering of micas than 
of K-feldspars. The small differences between K-feldspar 
contents could possibly be used to substantiate the assumption 
of loess uniformity with respect to K-feldspar content. 
Cation Exchange Capacity 
Cation exchange capacity determinations were made on 
selected samples of the <0.001 mm. fraction along the study 
traverse. This was done in order to see what effect, if any, 
the loss of potassium from this fraction had on the cation 
exchange capacity. From Bray's graph, given in Figure 1, it 
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was noticed that as stage of development increased the base 
exchange capacity increased and K content decreased. However, 
the base exchange capacity curve then tapered off to a gradual 
decrease while the K content also gradually decreased. Thus 
it was postulated that on a regional scale such a trend in 
cation exchange capacity would also exist. 
Data for cation exchange capacities are listed in Table 
14. An examination of these data shows them to be somewhat 
•Table 14. Cation exchange capacity of the <0.001 mm. 
fractions of several soils of the study traverse 
Sample Miles distance from Cation exchange capacity1 
number Platte Co., Neb. B horizon C horizon 
1 0 85 
2 20 66 69 
3 50 70 
4 50 71 • — 
5 50 71 
6 85 100 69 
7 85 70 72 
9 110 74 64 
11 120 88 70 
13 140 104 73 
17 150 77 
20 180 77 72 
21 190 77 — — 
22 240 96 82 
24 265 79 72 
26 385 . 76 
27 415 92 — 
30 480 137 
31 490 75 61 
32 505 140 — — 
aMilliequivalents per 100 grams <0 .001 mm. material. 
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Inconclusive concerning the relationship between K content and 
cation exchange capacity. This is possibly due to organic 
coatings which were not chemically removed from the clay 
particles. One could, however, select samples from this study 
which, in relationship to each other, would follow the same 
trend that Bray obtained. 
Effect of Vegetation Type on Potassium Content 
Several soils were selected In Iowa which could possibly 
be called a bio-sequence. They are similar in most respects 
other than native vegetation type. Traer, and Marion are 
forested Pianosols• Garwin and Taintor are Wiesenbodens 
while Tama and Otley are Brunizems. Clinton and Fayette are 
Gray Brown Podzolic soils. The location of these soils is 
given in Table 15. Total K composition of the <0.001 mm. clay 
in the B horizon of these soils is listed in Table 16. 
Several things are notable from observation of these 
data. Considering soils formed under the same vegetation 
type, the well drained ones are higher in total K composition 
than the poorly drained ones. However if one compares vege­
tation types, the well drained prairie soils are lower in K 
content than the well drained forested soils. The opposite 
is true for the poorly drained ones where the prairie soils 
have a higher K content than the forested soils. This may 
possibly be due to moisture relationships of the soils. There 
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Table 15. Identification of samples used in the study of 
vegetation effects on K content of the <0.001 clay 
in the B horizon 
Sample 
file 
number 
Soil 
series Horizon 
Inches 
depth Location8-
Source of 
other data 
P-415 Garwin B2g 24-28 Jasper Co., Iowa (71) 
P-716 Taintor b22 23-28 Washington Co., Iowa (67) 
P-710 Tama b22 25-29 Tama Co•, Iowa (82) 
P- 713 Otley b22 26-32 Washington Co., Iowa (67) 
P-422 Traer B2 19-23 Tama Co., Iowa (15) 
P-424 Marlon b2 21-31 Adair Co., Mo• (15) 
P-32 Fayette b22 23-33 Tama Co., Iowa (91) 
P-96 Clinton b2 24-27 Mahaska Co., Iowa (16, 22) 
aExact locations may be found in other sources listed. 
Table 16. Effect of vegetation on total K content of the 
<0.001 mm• clay in the B horizon 
Prairie 
Wiesenbodens % K Brunizems % K 
Garwin 1.23 Tama 1.30 
Taintor 1.23 Otley 1.46 
Forest 
Piano sols % K Gray-Brown Podzols % K 
Traer 1.16 Fayette 1.38 
Marion 1.19 Clinton 1.51 
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probably would be less effective moisture in the well drained 
forested soils than the well drained prairie soils due to 
interception of rainfall by the forest canopy. Thus less 
moisture would move Into the well drained forested soils than 
the well drained prairie soils and there would be less 
weathering of the clay-micas than in the well drained prairie 
soils. The opposite effect observed in the poorly drained 
soils could possibly be due to the stage of profile develop­
ment. The poorly drained forested soils are PianosoIs and 
assumed to be more weathered than the poorly drained prairie 
soils, the Wiesenbodens. 
These data Indicate that drainage affects the K content 
of the < 0.001 mm. genetically formed clay. As the amount of 
water in the soil increases the total K composition decreases. 
This was also indicated by the TPB release data which showed 
that the poorly drained soils released less K than the well 
drained soils. Thus for best comparisons in a regional study 
it is probable that better relationships could be demonstrated 
by comparing soils with comparable internal drainage. 
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DISCUSSION OF RESULTS 
Hypothetical Model to be Tested 
On the basis of data extracted from the literature an 
hypothesis was made regarding soil development and K content 
of the loess-derived prairie formed soils of the Midwest. 
The model was tested with the assumptions that: 
1. Soils Included In the study developed from parent 
material that was relatively uniform In mlneraloglcal 
and chemical composition at time of deposition. 
2. Soils studied developed under the influence of native 
tall grass prairie vegetation. 
3. Soils occurred on relatively stable portions of the 
landscape. 
4. Degree and not kind of chemical weathering would 
result from climatic differences across the Prairie 
Region. 
The model tested is as follows: 
The western portion of the Prairie soils region has a 
somewhat drier climate than the eastern portion. This has 
caused a difference In the amount of water which has passed 
into and/or through the soil. Potassium bearing minerals will 
be subjected to more intensive leaching action in the eastern 
areas and as a result the K content of soils In these areas 
will decrease faster than that of soils in the western areas 
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where there Is not so much moisture. The result of this re­
gional moisture gradient will be soils higher in K content in 
the western portions where rainfall Is not so great. Soils 
will gradually decrease in K content toward the eastern por­
tion of the region as rainfall increases, and K content will 
be lower. 
The source of K in the clay fraction of soils in the 
region is illite (11, 19, 27, 35), and the loss of K alters 
this micaceous mineral to minerals of the expanding lattice 
type, the species of which will depend on amounts and kinds of 
other cations in solution at the time when the K ion is re­
moved from the llllte crystal lattice. The differential 
weathering of K from the micaceous clay minerals due to the 
moisture gradient will change the amounts of illite present 
relative to the amounts of other clay minerals present. As 
K Is lost from illite, the illltic content is decreased while 
at the same time the montmorlllonolâ content increases. This 
type of weathering will also change the magnitude of the ex­
change complex of the clay fraction. Illite has a lower 
cation exchange capacity than the expanding type clay min­
erals, so that as illite is weathered to the montmorlllonoids, 
the cation exchange capacity should Increase. Thus, so long 
as the montmorillonoid content is being increased due to loss 
of K from the micaceous clays, cation exchange capacity will 
likewise increase. This will be reflected in the mineralogy 
and properties of the clay fraction in the soils of the 
94 
Prairie Region. In the western areas of low moisture, illite 
will be a more common constituent of the clay fraction while 
in the eastern areas of higher rainfall the illite content 
will be lower. Conversely the content of montmorillonoids 
will be higher in the eastern areas than in the western areas-
There should be a relatively uniform change in- amounts of 
illite and the montmorillonoids across the region in the 
direction of the rainfall differential. 
The K content of the clay fraction is primarily the 
result of climatic influences on the rate of alteration of 
the micaceous clays to the montmorillonoids. The subsequent 
loss of K results in a gradational decrease in K content 
across the region, from the drier areas in the western parts 
to the more moist areas in the eastern parts. 
Potassium and Soil Development Relationships 
in the Loess Prairie Regions 
Climate of the region 
Thornthwaite (77) shows the climatic type of the region 
sampled to be between dry subhumid and moist subhumid on the 
western end of the traverse, changing to moist subhumid 
through most of Iowa and to humid in extreme southern Iowa 
and central Illinois. An inspection of the rainfall distribu­
tion shown in Figure 2 shows the range in average annual 
rainfall of the study traverse to be 26 to 40 inches. As 
noted by Holowaychuk (33) precipitation in this region 
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Increases to the east and southeast. Ho lowaychuk also ex­
plains that in the western parts of the region the larger 
portion of annual precipitation occurs In spring and summer 
while such seasonal differences are smaller toward the east 
and southeast. Average annual temperature ranges from 45°F 
along the northern extremity of the study area to 55°F in the 
southern extremity (33). The region is characterized by its 
continental climate, being warm and hot in the summer to cold 
in the winter. 
It was postulated that the main effect of climate on 
soil formation in the area of study was due to moisture rela­
tionships. One cannot, however, rule out thermal effects, 
although In the study area the soil remains frozen throughout 
the winter with maybe the exception of south-central Illinois. 
A multiple factor regression equation including more climatic 
indices than average annual rainfall alone might possibly give 
better correlations than the ones obtained with rainfall data 
alone. However, it was felt that on the basis of the model 
to be tested average annual rainfall would suffice as an index 
of climatic effects across the region. 
Distribution of total potassium In the region 
Samples were taken from the zone of maximum clay accumu­
lation In the B horizon of profiles sampled. This was done in 
order to study material which was assumed to be of genetic 
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origin* It would be more desirable to have Included samples 
of. other horizons from each soil but physical limitations of 
the study dictated their exclusion. 
It can readily be seen from Figure 7 that total K content 
of the <0.001 mm. fraction of the B horizon samples decreases 
gradually from west to east along the study traverse. The 
range in K content is from 2.1? percent in sample number 1 
from Platte County, Nebraska, to 1.11 percent in sample number 
29 from Christian County, Illinois. This trend is consistent 
with the data of the investigators listed in Table 1. The 
first correlation made was that of K content and distance 
across the study traverse. The western-most site was taken 
as a starting point and linear distance from this point was 
calculated for all sample sites. The beginning point was also 
the site which contained the highest percent K. As shown in 
Figure 7, the linear equation derived fits the data at a 
highly significant level of correlation. It looks possible 
however, that a higher correlation coefficient would have been 
obtained by fitting a quadratic equation to the data since 
there seems to be a tendency for percent K content to decrease 
more rapidly in the western part of the region than in the 
eastern part. In considering the significance of Figure 7, 
the question arises concerning the effect which distance has 
on K content. It is obvious that distance per se has no effect 
on the K content, so other factors were considered which 
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seemed to change in a somewhat linear fashion with distance 
across the region. 
Rainfall was the most obvious factor which changes in a 
systematic manner with distance, so a comparison was made 
between rainfall distribution and distance from the starting 
point of the traverse. These data are given in Table 5. 
Correlation showed that there was a highly significant rela­
tionship between the two factors* This relationship is shown 
in Figure 13. It should be noted that rainfall data were ex­
tracted from the rainfall distribution map shown in Figure 2* 
The map is made on a two inch rainfall interval so that in 
determining rainfall for each site, an average was taken of 
the interval between which each sample was located. It is 
quite possible that if rainfall data were available for each 
site, the correlation between distance and average Inches 
annual rainfall would be higher. However, on the basis of 
the relationship obtained it is felt that distance across the 
study traverse is closely related to rainfall distribution 
across the same area. One must consider too, that past cli­
matic regimes may not necessarily have been similar to present 
climatic regimes. Thus, some discrepancies may arise from 
use of climatic data which are available and which cover only 
a short span of time considering the age of the soils. 
A comparison was then made to see how closely total K 
content of the < 0.001 mm. fraction was related to rainfall 
Figure 13. The relationship between average annual rainfall 
and geographical location of soils included 
in the study 
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distribution. Figure 14 shows a plot of the data. It is 
probable again that if local site rainfall data were avail­
able, the variance would have been reduced. Nevertheless, the 
relationship turned out highly significant. 
As previously mentioned, the K content was compared to 
pH, cation exchange capacity, clay content, exchangeable 
hydrogen and B/C clay ratios in order to see if there was a 
relationship. These factors were taken to be indices of stage 
of profile development. There was a poor relationship in each 
case. 
In trying to arrive at some other index of stage of 
development to which K content was related it was considered 
that since there was a good relationship between rainfall 
distribution and K content, K content of the zone of maximum 
clay accumulation might also be related to the effect of rain­
fall on the depth to which there had been the most clay accumu­
lation in the soil profile. It was decided then, to compare 
K content of the <0.001 mm. fraction of the zone of maximum 
clay accumulation to depths to the top and bottom of the zone 
of maximum clay accumulation. There seemed to be trends in 
making such comparisons, but no close relationship. Depth 
to the middle of the zone of maximum clay accumulation was 
then compared to the total K content and a better relationship 
was obtained. The data are given in Table 5 and are plotted 
in Figure 15. Since K content is related to depth to middle 
The relationship between potassium content of the 
<0.001 mm. clay fraction of the zone of maximum 
olay accumulation and average annual rainfall 
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Figure 15. The relationship between potassium content of the 
<0*001 mm. clay fraction of the zone of maximum 
olay accumulation and depth to the middle of the 
zone of maximum olay accumulation 
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of the zone of maximum clay, the depth to zone of maximum clay 
should then be related to rainfall distribution because of the 
relationship between K content and rainfall distribution. 
This relationship is shown in Figure 16. Depth to middle of 
zone of maximum clay accumulation is also related to distance 
along the traverse as shown by Figure 17. The question arises 
as to why this gives a better relationship.than the other 
indices of soil development mentioned and also Just what is 
indicated by depth to the middle of the zone of maximum clay 
accumulation. The only explanation at hand would be that K 
content is related more closely to depth of clay movement than 
to other chemical and physical indicators of stage of develop­
ment or to the total amount of clay present. Bray (8, 10, 11) 
noted that loss of K from the micaceous clay minerals resulted 
in the formation of K-poor alumino-silicates which were of 
much smaller physical size and thus much more susceptible to 
movement within the profile. It is thus possible that the 
depth to which these small-size clay particles move is ex­
pressed more closely by depth to middle of the maximum clay 
zone than by depth either to top or bottom of the zone. If 
Bray's explanation Is acceptable as a mechanism of profile 
development then it seems reasonable that K content would be 
related to the depth to which genetic clay moves. On the 
basis of this explanation one might then consider depth to the 
middle of the zone of maximum clay accumulation as being a 
reasonable index of profile development. 
Figure 16. The relationship between depth to the middle of 
the zone of maximum olay aooumulation and annual 
rainfall 
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Figure 17. The relationship between depth to the middle of 
the zone of maximum olay aooumulation and 
geographical location of the soils studied 
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A good Illustration of the relationships between K con­
tent, depth to middle of zone of maximum clay accumulation and 
distance is shown in Figure 18 where only the regression lines 
are plotted. One notices readily that if the depth to middle 
of maximum clay zone is taken as an index of profile develop­
ment, an inverse relationship exists between K content and 
profile development. As development increases, K content of 
the <0.001 mm. fraction in the horizon of maximum clay accumu­
lation decreases. This is in agreement with the data of Bray 
(8) from his study on profile development in Illinois soils. 
It should be pointed out though, that local factors may have 
an influence on depth to middle of the zone of maximum clay 
accumulation. This could explain why. sample number 10, a 
Minden soil of western Iowa is deeper to mid-B than would have 
been expected from a regional viewpoint. This may also ex­
plain why the Taintor soil of southeastern Iowa is shallower 
to mid-B. A more careful selection of soils across the region 
could possibly have eliminated such variations. 
The same regional trend for K content was observed in the 
other fractions of the soil. Correlations were made between 
K content and distance for the sand, coarse silt, fine silt, 
and coarse clay from samples of both B and C horizons. Re­
gression lines for these data are plotted in Figure 8 for fine 
clay K content of both B and C horizons. The regression lines 
for the fine clay are interpreted as indicating that the mica 
content of the C horizon was weathered more slowly, as one 
Figure 18. The relationship between depth to the middle of 
the zone of maximum olay aooumulation, total 
potassium content of the < 0.001 mm. clay of that 
zone, and geographical location of the soils 
studied 
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would expect, than that of the B horizon although there has 
been great enough K removal from the C horizon for a differ­
ence to exist between K content in C horizons of sites along 
the western areas and those along the eastern areas. It is 
possible too, that samples taken as being C horizons may not 
be unaltered enough to best represent the C horizon. It was 
shown by Glenn et al. (27) that weathering takes place even 
in calcareous loess at considerable depths in the profile. 
Slopes of the regression lines indicate that rate of decrease 
in K content has been higher in the B than in the C horizons. 
In the coarse clay, the regression lines of which are 
shown in Figure 9, K content of the B horizon is higher than 
that of the C horizon. This could possibly be explained on 
the basis of Bray's (8) data which indicated that as K was 
lost, the finer alumlno-silicates which were formed flaked 
off the edges of the larger mica particles and moved downward 
through the profile. This resulted in increasing the percent 
K content of the coarser fraction simply due to the fact that 
K-poor material was removed, thus leaving K-rich material in 
the B horizon. The K content of the coarse clay in the C 
horizon would be lower because weathering Intensity would not 
be so great at the greater depths. 
The fine silt regression lines, shown in Figure 10, indi­
cate that although there is evidently a decrease in K content 
from west to east along the traverse, the differences in the 
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B horizon are about the same as those in the C horizon. One 
might also interpret this as an indication that there is a 
low mica content in the fine silt fraction. This is indicated 
since were there much mica present, a difference in K content 
would be expected between B and C horizons which would be of 
larger magnitude in the western area of study than in the 
east. Such a relationship would result from an increased 
intensity of weathering in the C horizon in the eastern areas. 
This again indicates that what is taken to be C horizon mate­
rial may actually be altered in nature, at least chemically 
(27). Thus K content of the fine silt would primarily be due 
to K feldspar content. This is possibly .due to the effect 
of particle size on weathering (46, 60), K being lost from 
mica in the fine silt while K In K feldspars would be less 
easily weathered from similar sized particles. 
The regression lines for the coarse silt in Figure 11 
are more difficult to explain. It might possibly be that 
these lines indicate the presence of K bearing micas on the 
western end of the traverse in the C horizon in addition to 
the K feldspars. The B horizon, being closer to the surface 
in the western areas, possibly has lost K from micas due to 
weathering. Thus in the western portion of the traverse the 
C horizon would have a higher K content than the B horizon 
because weathering of the C horizon has taken place slower 
than the B horizon and considerable amounts of K bearing micas 
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are present In the C horizon. At the same time the K has pos­
sibly been weathered from the coarse silt-size micas in B 
horizons all along the traverse and the coarse silt K content 
of the B horizons is primarily due to the more resistant K 
feldspars. In the eastern areas, weathering of K from micas 
has probably taken place more rapidly in the C horizons due 
to increased moisture while weathering of K feldspars in the 
B horizons may possibly be no more pronounced than that in the 
C horizons due to their resistant nature. This does not how­
ever, explain why K content in the eastern sections of the 
traverse is lower in the coarse silt of the C than that of 
the B horizons. Perhaps a greater number of sample analyses 
would change the slope of the regression line for K content 
of the C horizons. Coarse silt data again indicate the effect 
of particle size on weathering. In similar sized particles, 
K would be lost from the micas more readily than from K 
feldspars due to the weathering stability of the minerals 
(48). Thus in the B horizon, since it is closer to the sur­
face, and more susceptible to weathering action, K content 
would be due primarily to the more resistant K feldspars. 
However, in the C horizons coarse silt particles of the seme 
size would be subject to less intensive weathering in the 
west than in the east with the result that some K-bearing 
micas would remain in the western regions while in the eastern 
regions the effect of particle size would be overcome by . 
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Intensity of weathering and K would be found mainly in the 
more resistant K feldspars. 
The sand fraction, Figure 12, shows the same effects. 
It is probable that the C horizon has a higher K content in 
the west than the east due to occurrence of K in micas in the 
C horizon while to the east the K has been lost in micas from 
the C although not so fast as in coarse silt fraction, again 
due to particle size effects. There might conceivably be 
some K-bearing micas present in sand of the B horizon, due 
again to the particle size effect, in addition to the K feld­
spars. However the regression lines tend to indicate that in 
the C horizon the particle size effect of sand is not overcome 
by intensity of weathering until a distance of around 400 
miles is reached along the traverse. This corresponds to 
about 35 inches average annual rainfall as may be seen in 
Figure 2. 
Potassium mineralogy 
The data obtained from x-ray analysis of the <0.001 mm. 
fraction are shown in Table 12. In evaluation of these data 
it is assumed that K content is due primarily to the presence 
of the micaceous clays. This assumption was also made by 
Bray (8, 11) and G1eseking (26). The relationship between 
o 
intensity of the non-expanding 10 A peak and total K content 
is shown in Figure 19. It is evident from this figure that 
Figure 19. The relationship between intensity of the 10 & 
peak of the <0.001 mm. clay fraction of the zone 
of maximum olay accumulation and potassium content 
of the same fraction 
INTENSITY OF IOA PEAK OF <Q.OOImm 
FRACTION OF B HORIZON 
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a close relationship exists. As percent K increases the 
o 
intensity of the 10 A peak also increases. Therefore, assum­
ing that most of the K in the <0.001 mm. fraction is found 
in the micaceous clay minerals, it seems reasonable on the 
basis of this relationship that Intensity of the non-expanding 
o 
10 A peak is an index of the amount of micaceous clays 
present. It is recognized however, that some discrepancy in 
intensity might arise from degree of crystallization, degree 
of orientation, and presence of amorphous materials. However 
for this study, intensity, as measured by peak height above 
the base line, was used as an index of the amount of illite 
present. 
The x-ray data were obtained in an attempt to explain 
the potassium distribution along the study traverse. If the 
data fit the hypothetical model, then it would be expected 
that the intensity of the expanded 17 % clay minerals would 
vary inversely with the intensity of the 10 % clay minerals. 
This should occur assuming that the 10 % minerals lose K by 
weathering and are thus altered to the expanding type clay 
minerals. This inverse relationship is shown in Figure 20. 
o 
As Intensity of the 10 A peaks Increase, intensity of the 
17 % peaks decrease. Evidences of weathering of illite to 
the expanding type clays has been noted by many workers. 
Bray (9) noted a decrease in K content of fine clay as stage 
of development increased. He (8) considered this to be due 
Figure 20. The relationship between potassium content of the 
<0.001 mm. clay fraction of the zone of maximum^ , 
olay aooumulation and intensity of 17 a and 10 a 
peaks 
2.0 
1.5 
fi 
Sg 
i l  
II 
0.5F 
— A 
A 
A 
J 
& 
1.0 — 
a 10 Â DATUM POINTS 
o 17 Â DATUM POINTS 
8 
o 
o o 
1 1 1 1 
10 20 30 40 50 60 70 80 
INTENSITY OF PEAKS AT 5000 COUNTS PER SECOND 
90 
182 
to the loss of K from micas with the subsequent formation of 
K-poor alumino-sillcates. In studying soil development in the 
Prairie Region, Bray (10) considered the formation of second­
ary colloidal silicates to be a product of soil development. 
He (ll) explained this on the basis of weathering of illite 
to intermediary products with an accompanying loss of K. 
Other workers (23, 27, 37, 39, 46, 47, 52, 53, 92) have also 
published studies which indicate that the micaceous clay min­
erals weather to the montmorillonolds. 
Data obtained in this study indicate that the 10 % ex­
panded minerals do weather to 17 % minerals with the subse­
quent loss of potassium. The direction of intensity of this 
weathering is from west to east along the study traverse. 
In the western parts of the traverse the climate borders 
on dry subhumid type. Rate of weathering would not be so 
great in this area as further east as is indicated by K con­
tent and depth to zone of maximum clay accumulation. One 
would assume then, that the illitic content of soils In the 
western areas would be highest while the montmorillonoid con­
tent of soils further east would be highest. This trend is 
evident in Figure 21 which also points out the change in peak 
heights of the 10 % and 17 A clay minerals from east to west. 
These data are interpreted as indicating that when the illitic 
components of the <0.001 clay are subjected to weathering, K 
Is lost from the crystal structure and expanding type clay 
minerals are thus formed. The rate of weathering is primarily 
Figure 21. Smoothed x-ray diffraction tracings of 
glycolated <0.001 mm. clay samples for four 
samples along the study traverse pointing 
out the inverse relationship between 10 X 
and 17 A peak heights from west to east 
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dependent on moisture and as a result the K content decreases 
as rainfall increases and 1111te is more rapidly altered to 
the montmorillonoids. Some Investigators (4, 5) conclude that 
the montmorillonoids are not a weathering product of the mica­
ceous clays since they find high amounts of montmorillonoids 
in calcareous loess, which on that basis is considered to be 
unaltered. However, Bray (9) and Glenn et al. (27) have inter­
preted results of their studies to Indicate that weathering 
of 1111 te to montmorillonoids does take place in calcareous 
loess and the effect of the calcareous nature of the material 
is on rate of weathering of illite. This evidence would indi­
cate that calcium is related to rainfall much as K has been 
shown to be related to rainfall, thus the fact that loess is 
calcareous would be an incidental factor so far as weathering 
of illite to the montmorillonoids is concerned. Therefore, 
where rainfall is limiting or erosional processes keep fresh 
mineral material close to the surface, illite still can be 
altered to montmorillonoids, but at a slow rate. Due to the 
limiting moisture in the profile, calcium will also be abun­
dant. However as rainfall increases, the rate of weathering 
of illite will be increased, though not so fast as the rate 
at which calcium will be leached from the profile. This 
results in slightly acid to acid soils high in montmorillonoid 
content and low in micaceous clay content. This is shown in 
Figure 22 relating peak intensities of 10 A and 17 % minerals 
Figure 22. The relationshlp-between geographical location 
and 17 A and 10 A peak intensities of the 
<0.001 mm. clay fraction from the zone of 
maximum clay accumulation of some soils 
included In the study 
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to distance along the traverse. The trend evident in this 
figure is for illite content to decrease gradually from west 
to east while montmorlllonoid content increases, using dis­
tance as an index of moisture. Intensities of the 10 % and 
17 % peaks for the samples shown in Figure 21 are plotted 
as a function of K content in Figure 23. It would seem from 
this figure that these samples accurately represent the hypo­
thetical model since they point out the linear relationship 
of peak heights and K content and the inverse relationship 
existing between 17 % peak height and 10 A peak height. 
In order to determine whether both the increase in mont­
morlllonoid content, as indicated by 17 % peak intensity, and 
o 
the decrease in illite content, indicated by 10 A peak inten­
sity, were related to K content, the ratios of intensities 
of the 17 % to that of the 10 % peaks were plotted against K 
content. A relationship was obtained and is shown in Figure 
24. This is taken as further evidence that illite is weather 
ed to the montmorillonoids in soil development processes. 
The relationships between total K content of the < 0.001 
mm. fraction and content of 10 i and 17 % clay minerals as 
influenced by moisture, using distance as an index of rain­
fall, are shown In Figure 25. As distance eastward increases 
and correspondingly moisture, K content gradually decreases 
due to weathering of the micaceous clays to the montmoril­
lonoids . This is shown by the ratio of 17 A to 10 % peak 
Figure 23. Graph showing the Inverse relationship between 
Intensities of 10 A and 17 5 peaks and 
potassium composition of the <0.001 mm. clay 
from the zone of maximum clay accumulation 
for four soils along the study traverse 
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intensities as a function of distance and thus rainfall. In­
crease in magnitude of the ratio is interpreted as being 
indicative of the weathering of illite to the montmoril­
lonoids, and from west to east along the traverse this ratio 
increases. Thus K content of the <0.001 mm. fraction is 
o o 
inversely related to the 17 A to 10 A ratio. On the basis of 
this study it seems that this ratio would possibly be a good 
index of stage of development of soils in the Prairie Region. 
Cation exchange capacity 
Cation exchange capacity was determined on the <0.001 
mm. fractions to see if there was any effect of weathering of 
illite to the montmorillonoids on cation exchange capacity. 
These data, listed in Table 14, were compared to percent clay, 
pH, average annual rainfall, distance, 10 % and 17 % mineral 
peak intensities, and depth to middle of the zone of maximum 
clay accumulation to see if any relationship existed. On the 
basis of Bray1s (8) data it was expected that cation exchange 
capacity would increase from west to east along the study 
traverse as a result of the formation of montmorillonoids 
from weathering products of the micaceous clays. Only poor 
relationships were found. It seems that there might be a 
trend for the cation exchange capacities to increase from 
west to east, but the trend is not very pronounced. The only 
plausible explanation for this lack of association is the 
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method used In obtaining the results* Organic matter was 
not removed since the samples were subsurface samples and it 
was considered that their organic content would be low. This 
also eliminated any effects which organic coating removal 
processes might have on the minerals. It was hoped that this 
method would give more realistic values for cation exchange 
capacities than a method whereby various chemical treatments 
are used to remove the organic coatings. In view of the in­
conclusive data obtained, it is probable that there was enough 
organic matter present as coatings on the particles to inter­
fere with measurement of cation exchange capacities of the 
mineral constituents. 
Evaluation of the Hypothetical Model for the Region 
The data obtained in this study indicate that the working 
hypothesis was an acceptable one with the exception of the 
cation exchange capacity considerations. Data for these were 
too inconclusive to evaluate. The data show that K content Is 
related to average annual rainfall and that distance across 
the region is an acceptable index of moisture. It was found 
that soils in the western parts of the study traverse contained 
higher amounts of K than did soils in the eastern parts. It 
was shown that illite content decreased from west to east 
across the region using intensity of 10 % peaks as an index 
of illite content. Conversely the montmor1HonoId content 
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was shown to increase from west to east and the ratio of peak 
intensity of 17 % minerals to 10 % minerals was found to vary 
o 
Inversely with K content, indicating that an increase in 17 A 
mineral content is associated with a decrease in 10 % mineral 
content and a decrease in content of K. It is suggested on 
the basis of the data derived for this study that the model 
generally describes the K weathering and soil development 
relationships which were found to exist in the region. 
Potassium and Soil Development Relationships in Iowa 
Climate of Iowa 
Iowa lies in the center of the regional study traverse. 
Average annual rainfall varies from about 26 inches in the 
northwest corner of the state to about 36 inches in the south­
east corner (33). Most of the sites sampled in Iowa lie 
within the 45-50°F average annual temperature gradient al­
though extreme southern Iowa has a slightly higher average 
annual temperature (33). As in the region, the climate is 
continental with hot summers and cold winters. 
Soils studied and their location In Iowa 
A list of soils studied in Iowa is given in Tablé 17. 
Duplicate profiles of each soil series were sampled and used 
for the study. Table 17 also lists sources of other informa­
tion for these samples. The loess samples represent the major 
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Table 17. location of soils analyzed for K release to TPS 
Sample 
file number Soil location 
References for 
other data 
p-711 Mahaska 
p-715 Mahaska 
p-•712 Otley 
p-713 Otley 
p-
-714 Taintor 
p-•716 Talntor 
p-•717 Macksburg 
p-•720 Macksburg 
p-• 718 Winterset 
P-•719 Winterset 
M-•I Marshall 
M-II Marshall 
P-710 Tama 
P-•27B Tama 
P-.700 Kenyon 
P-701 Kenyon 
P-• 704 Dinsdale 
P-.705 Dinsdale 
Keokuk Co., Iowa 
Washington Co., Iowa 
Keokuk Co,, Iowa 
Washington Co., Iowa 
Keokuk Co., Iowa 
Washington Co., Iowa 
Madison Co., Iowa 
Adair Co., Iowa 
Madison Co., Iowa 
Madison Co., Iowa 
Crawford Co., Iowa 
Crawford Co., Iowa 
Tama Co., Iowa 
Tama Co., Iowa 
Bremer Co., Iowa 
Bremer Co., Iowa 
Blackhawk Co., Iowa 
Grundy Co., Iowa 
(67) 
(67) 
(67) 
(67) 
(67) 
(67) 
(67) 
(67) 
(67) 
(67) 
__a 
a 
(82) 
(91) 
(83) 
(83) 
(83) 
(83) 
aNo previous data available. 
areas of loess deposits in the state. Two Kenyon soils, 
developed on lowan glacial till (72), and two Dinsdale soils 
which are characterized by having formed from a shallow 
deposit of sllty material overlying lowan glacial till, were 
also included in this study. The Kenyon and the Dinsdale 
soils are from the lowan till area of northeast Iowa. 
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Total potassium results 
Total K was determined for samples of whole soil 
(<2.0 mm.) on the loess derived soils of southwestern and 
southeastern Iowa. The results are shown in Table 9 along 
with the TPB-extractable K results. The results are in agree­
ment with the data of the regional study traverse, in that the 
K content is lower in southeast Iowa soils than in the south­
west Iowa soils. 
Sodium tetraphenylboron-extractable potassium 
In an attempt to classify the soils in the manner in 
which they release K, sodium tetraphenylboron was used as an 
extractant. This chemical has been used recently (61, 69, 70) 
as a K extractant because of some of the problems it alle­
viates which are present In other methods of K extraction. 
Potassium was extracted from all the soils using this tech­
nique and the results are given in Table 18. The 7 day 
release data were correlated to total K content of the whole 
soil on the southern Iowa samples and the relationship shown 
in Figure 26 was obtained. This graph was made by plotting 
all data regardless of horizon, depth, drainage class, etc. 
Complete data for K-release from Kenyon and Dinsdale samples 
are given in Appendix D. 
The two Marshall soils were used in a study to evaluate 
the effect of time length of incubation on amount of K 
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Table 18. Release of K to TPB from several soils in a 
7 day period 
Soil Horizon PPM K 
Marshall 
Tama 
Macksburg 
Winterset 
Otley 
Mahaska 
I 
I 
1 
1 
I 
I 
M-I M-II Average 
2580 2520 2550 
2700 2610 2655 
2940 2790 2865 
3030 2910 2970 
3060 3480 3270 
P-710 P-27B Average 
2100 2280 2190 
2190 2280 2235 
2340 2340 2340 
2430 2535 2480 
2520 2580 2550 
P- 717 P-720 Average 
2520 2610 2565 
2580 2730 2655 
2790 2880 2835 
2880 3240 3060 
3300 3510 3405 
P-718 P-719 Average 
2010 1710 1860 
2490 2610 2550 
2610 2730 2670 
2730 2850 2790 
2700 2940 2820 
P-712 P-713 Average 
2100 2145 2120 
2160 2520 2340 
2370 3180 2775 
2505 3180 2840 
2280 1800 2040 
P-711 P-715 Average 
2040 1650 1845 
2370 2160 2265 
2580 2280 2430 
2655 2550 2600 
1320 2460 1890 
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Table 18. (Continued) 
Soil Horizon PPM K 
P-714 P-716 Average 
Taintor A-, 1290 1080 1185 
A3 1980 1650 1815 
Bi 2190 2010 2100 
Be 2415 2040 2220 
C 2580 2100 2-340 
P-700 P-701 Average 
Kenyon Ai 1260 1140 1200 
A3 1860 1860 1860 
Bi 1800 1950 1875 
Bo 2100 2550 2325 
C 2640 2820 2730 
extracted. The data ere listed in Table 11 and are plotted 
in Figure 27. This figure points out the close similarity of 
release from the two different Marshall soils. There was 
considerably less K released in the surface samples than from 
the subsurface samples. 
The Use of Potassium as a Criterion 
in Soil Classification 
The regional differences found in K distribution would 
suggest the possible use of K composition as a criterion in 
the classification of soils. Chemical composition was listed 
by Marbut (49) as a criterion in classification of soils which 
have developed all the characteristics unique to soil develop­
mental processes in a particular area. Thus in comparing 
Figure 26. The relationship between total potassium content 
and NaTPB-extraotable potassium from whole soil 
samples from soil profiles of Mahaska, Taintor, 
Otley, Maoksburg, and Winterset soils 
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Figure 27. Graph showing the effect of time on amount of 
potassium extracted by NaTPB from whole soil 
samples of the A, B, and C horizons of two 
Marshall soils 
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soils in an area, chemical composition may be a necessary cri­
terion to use in soil separations. An example at hand is that 
of separation of Marshall soils from Tama soils in Iowa. Mor­
phologically these soils are very similar. They occur on 
similar landscapes and were developed from loess deposits 
under influence of native prairie vegetation. Potassium con­
tent is possibly a good criterion to use as a supporting basis 
of separating these series. From the regional traverse study 
it was found that the K content of the 0.001 mm. fraction of 
the Marshall was quite a bit higher than that of the Tama. 
"This can be explained on the basis of the working model used 
in the study traverse. The loess areas of eastern Iowa h?ve 
greater average annual rainfall than western Iowa so that more 
1111te has been weathered to the montmorillonoids in the Tama 
soils than in the Marshall soils. This relationship is sup­
ported by the x-ray diffraction tracings in Figure 28 and the 
data of Peterson (55). 
A difference in K relationships between the two soils 
can also be shown from the amount of K released to sodium 
tetraphenylboron. These comparisons are made in Figures 29 
and 30. In a 30 day release period more K is released from 
the Marshall soils. In a 60 day period there has been an 
increase in K release by both soils, but the increase by the 
Marshall is much larger than that of the Tama soils. Thus 
the Marshall soils not only released more K initially than 
the Tama soils but also released greater amounts over a longer 
Figure 28. Smoothed x-ray diffraction tracings from 
glycolated samples of <0.001 mm. clay from 
the zone of maximum clay accumulation of a 
Tama soil and a Marshall soil 
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period of time. 
The southern Iowa samples were compared on the basis of 
total K content. Table 9 gives the K content of these soils. 
If the series pairs are averaged and plotted as In Figure 31, 
then they may be ranked as follows with respect to K content 
of the surface horizons: Wlnterset > Macksburg > Mahaska > 
Otley > Taintor. Considering only.the B horizons, Macksburg 
would have a higher K content than Wlnterset. The plot shown 
in Figure 31 also clearly points out that K content of the 
<2.0 mm. soil of southwest Iowa Is greater than that of the 
southeast Iowa soils-
If this same group of soils is compared using the 7 day 
K release to sodium tetraphenylboron data, the soils would be 
ranked on the basis of the surface horizon as: Macksburg > 
Otley > Wlnterset > Mahaska > Taintor. If these are then 
classified by drainage and ranked according to K release, the 
order obtained on the basis of the surface horizons is: 
Macksburg > Otley in the well-drained group, and Wlnterset > 
Taintor In the poorly drained group. Thus considering drain­
age class, the southwest Iowa soils release more K to sodium 
tetraphenylboron in a 7 day period than do the southeast Iowa 
soils. These data are given in Table 9 and are plotted in 
Figure 32. Kenyon, the Iowan till derived soil of northeast 
Iowa was about equal to Taintor in the surface, but was higher 
in the subsoil. 
Figure 31. Profile distribution of total potassium from 
whole soil samples of some southwestern and 
southeastern Iowa soils 
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Figure 32. The amount of potassium released to NaTPB In 
a 7 day period to samples from profiles of 
several Iowa soils 
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In consideration of these data and those of the study 
traverse it seems that when two similar soils are compared 
which occur in different geographical areas, that K content 
would be a useful criterion in establishing boundaries between 
the two areas. 
It is of interest to consider the highest level of 
classification at which K content would prove useful as a 
differentiating criterion. The study of soils along the 
traverse across the Prairie Region has indicated that K con­
tent is closely related to rainfall distribution. The classi­
fication system of Baldwin et al. (l) utilizes climatic influ­
ence in the third highest category, the Great Soils Groups. 
The classification system of the 7th Approximation (86) uses 
climate as a differentiating criterion in the second highest 
category, the Suborders. If soils used in the study traverse 
are grouped by the system of Baldwin et al. (l) into Great 
Soil Groups It turns out that the same grouping of soils is 
obtained by classifying the samples into Suborders of the 7th 
Approximation. 
Data gained from this study have indicated that K compo­
sition is related to rainfall distribution in some soils 
across the Prairie Region. In the loessial areas of Iowa, 
soil associations are generally areally located in a direction 
parallel to the moisture gradient across the state, so that 
in comparing soils of similar drainage characteristics It . 
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seems that K composition would be a valid criterion in series 
separations. Comparisons made between soils in this study-
on K release and K content, together with data collected from 
the literature indicate that differences in K composition do 
exist between series and as such warrant the use of Marbut's 
criterion, chemical composition of horizons, in separation of 
soils at the series level of classification. 
A schematic diagram is shown in Figure 33 which serves 
to illustrate the effect of rainfall on soil development, as 
Indexed by depth to zone of maximum clay, and K composition. 
Figure 33. Schematic Illustration showing the effect of 
rainfall on potassium content of the< 0.001 mm. 
olay and depth to middle of the zone of maximum 
clay accumulation 
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SUMMARY AND CONCLUSIONS 
The study of potassium and stage of development relation­
ships has indicated that in the loessial prairie soils region 
a climatic effect is operative which is related to degree and 
not kind of weathering. In highly selective soils the K con­
tent of the <0.001 mm. fraction of the B horizon samples was 
studied in detail and found to gradually decrease eastward 
across the region as average annual rainfall gradually in­
creased. A study of the K content of the 0.001-2.0 mm. frac­
tions indicated that K content of these fractions also gradu­
ally decreased toward the east. In explaining the K distribu­
tion it was found from a mineralogical study of the <0.001 mm. 
fraction that x-ray diffraction peak heights of 10 i clay min­
erals decreased to the eastward along with a corresponding 
increase in peak heights of the 17 % clay minerals. Both 
these peak heights were found to be related to K content and 
inversely related to each other. This was interpreted as an 
indication, assuming the micaceous clay minerals to be the 
primary source of K, that as weathering of the micaceous clays 
takes place, K is lost and montmorlllonoids are formed as a 
result. Depth to the middle of the zone of maximum clay 
accumulation was used as an index of stage of weathering to 
which K content was related. As rainfall increased eastward, 
depth to middle of the zone of maximum clay accumulation was 
found to likewise Increase and K content decreased. No con-
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slatent relationship was found between cation exchange capac­
ity of the <0.001 mm. fractions and indices of soil develop­
ment . 
Some Iowa soils were studied and classified according to 
K content and according to K release to sodium tetraphenyl­
boron. These data show that K content of the soils of south­
west Iowa are higher than that of the soils of southeast Iowa. 
In comparing K content by drainage class in this group of 
soils it was found that the well drained soils of southwest 
Iowa have a higher K content than the well drained soils of 
southeast Iowa. The same relationship exists between the 
poorly drained soils of each area. Data for K release to 
sodium tetraphenylboron also show that the southwest Iowa 
soils release more K per unit time than do the southeast Iowa 
soils. Marshall soils were found to be higher in K content 
and also in releas.e of K than the Tama soils, indicating that 
K content could be used as a criterion to separate the two 
series. 
It Is concluded from the data of this study that: 
1. There is a trend for K content of soils of the 
Prairie Region to decrease toward the east. 
2. This decrease In K content is related to rainfall 
and its effects on soil development. As soil 
development Increases, as expressed by depth to the 
middle of zone of maximum clay, K content decreases. 
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3. Illlte weathers to form expanding montmorlllonold 
clay minerals with an associated loss of K. The 
degree to which the amount of Illlte Initially 
present Is altered to the montmorlllonoIds Is largely 
due to amount of annual rainfall. 
4. Potassium content Is a reasonable criterion for 
separation of soil series within a large area of 
similar soils. Due to the effect which climate has 
on K content, categories of soil classification 
systems using climatic data as criteria for differ­
entiating soils at the series level might also use 
K content as a differentiating criterion at the same 
level. 
This study has shown that certain trends are present in 
the distribution of K in soils of the area studied. These 
trends need to be studied in more detail to more clearly 
elucidate the steps by which the clay minerals present are 
weathered or formed. While rainfall is shown to be closely 
related to K weathering relationships, other climatic influ­
ences need to be evaluated. The effects of drainage appear 
to have been confounded in this study. Future studies should, 
therefore, take this into consideration. It is hoped that the 
results of this study will provide a background on which more 
detailed work on soil-potassium relationships can be made. 
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APPENDIX A- FILE NUMBERS AND REFERENCES OF SOIL 
SAMPLES USED IN THE STUDY TRAVERSE 
Traverse number Reference and sample file number* 
1 - 85 S54 Nebr-71-1 No. 2196 
2 (85) S54 Nebr-60-1 No. 2204 
3 (85) S54 Nebr-90-1 No. 2166 
4 (84) S55 Nebr-20-2 No. 2834 
5 (84) S55 Nebr-20-1 No. 2826 
6 (85) S54 Nebr-13-2 No. 2222 
7 (84) S55 Nebr-30-2 No. 3383 
8 (84) S55 Nebr-34-l No. 3339 
9 (24) P-24S-4 Iowa State University 
10 (79) P-217-7 " 
11 (81) S58 Nebr-67-2 No. 9140 
12 (24) P-244-4 Iov;a State University 
13 — — M-I " 
14 M-II • 
15 (24) P-247-4 " 
16 (80) S 59 I a-71-1 No. 11156 
17 (80) S59 la-71-2 No. 11164 
18 (80) S59 Ia-21-3 No. 11138 
19 (80) S 59 I a-21-4 No. 11146 
20 (24 P-243-4 Iowa State University 
21 (67) P-718  ^" 
22 S62 Ia-93-1** 
23 362 Ia-93-6 
24 — P-710 Iowa State University 
(82) S59 Ia-86-1 No. 11533 
25 (67) P-716 Iowa State University 
26 
(5j 
59) No. 15894 University of Illinois 
27 No. 13877 University of Illinois 
28 (8) No. 14037 » 
29 (8) No. 14068 " 
30 (5, 58) No. 16767 " 
31 (5, 57) No. 14080 " 
32 (5, 8, 54, 56) No. 14086 " 
•All S numbers are U.S.D.A. Soil Conservation Service 
Lincoln Laboratory numbers. 
••Data for samples from these sites will be forthcoming 
in some future Lincoln Soil Survey Laboratory publication. 
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APPENDIX B. SERIES NOMENCLATURE IN IOWA AND NEBRASKA 
The Marshall and Sharpsburg series names as recognized 
in Nebraska encompass soils which are not necessarily analogous 
to the soils of the Marshall and Sharpsburg series as recog­
nized in Iowa. The series as recognized in Nebraska are 
somewhat higher in clay content than as are recognized in 
Iowa. This difference is obvious when comparing clay contents 
of sample 1 of the study traverse to sample 13. Number 1 is 
a Marshall from Nebraska and number 13 is a Marshall from Iowa. 
The Nebraska Marshall soil is about 10 percent higher in clay 
in the B horizon than the Iowa Marshall soil. Similar dif­
ferences are encountered when comparing Sharpsburg soils 
between the two states. 
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APPENDIX C. PROFILE DESCRIPTIONS FOR TWO 
MARSHALL SILT IOAMS (M-I AND M-II) 
Soil Series: Marshall silt loam 
location: T84N, R37W, sec. 10, SE 1/4 of NW 1/4, 300 ft. W 
of half line fence and 50 ft. S of 1/4-line fence 
(Hayes Twp.) Crawford Co., Iowa 
Slope: 1 \/Z% E facing convex slope breaking toward a 3% NE 
facing dralnageway. 
Erosion: None Drainage: Moderately well to well 
Vegetation: Alfalfa and red clover 
Parent material: Loess 
Described by: K. L. Wells and H. Protz 
Date: May IE, 1961 Sample number: Marshall I 
Horizon Depth Description 
Ai 0-11» Black (10YR 2/1)* friable silt loam. Fine to 
medium granular structure. Many roots and 
worm casts. pH 5.1. Boundary gradual to: 
A3 11-19" Very dark brown (lOYR 2/2) friable heavy silt 
loam. Very fine subangular blocky breaking 
to fine granular structure. Many roots and 
worm casts. pH 5.4. Boundary gradual to: 
B^  19-28" Very dark grayish-brown (10YR 3/2) friable 
light silty clay loam. Fine subangular blocky 
breaking to coarse granular structure. pH 
5.7. Many roots and worm easts. Boundary 
gradual to: 
Bg 28-37" Dark brown (lOYR 3*5/3) slightly firm silty 
clay loam. Fine to medium subangular blocky 
structure. Few fine roots. pH 5.8. 
Boundary gradual to : 
•Moist Munsell colors unless noted otherwise. 
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Bg 37-43" Dark brown (lOYR 4/3) slightly firm to friable 
light silty clay loam. Weak fine subangular 
blocky breaking to fine granular structure. 
Many distinct medium olive gray (5Y 5/2) and 
common faint fine strong brown (7.5YR 5/6) 
mottles. A few faint Mn stains are present. 
Few fine roots. pH 5.9. Boundary gradual to: 
C 43-54"+ Dark brown (10YR 4/3) massive silt loam. 
Many prominent coarse olive gray ( 5Y 5/2) and 
common distinct fine strong brown (7.5YR 5/6) 
mottles. Several Mn stains present. pH 5.9. 
Few fine roots. 
Remarks: Many black (lOYR 2/1) worm castings and krotovinas 
throughout the profile. The profile was acid 
throughout depth of sampling. 
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Soil Series: Marshall silt loam 
Location: T84N, R37W, sec. 12, 100 ft. W and 1320 ft. S of 
the NE corner of the SE 1/4 sec., Crawford Co., Iowa 
Slope: 1% convex slope facing SE breaking into a Z% drain. 
Erosion: None Drainage: Moderately well to well 
Vegetation: Alfalfa plowed under this spring. 
Parent material: loess Sample number: Marshall II 
Described by: K. L. Wells and R. Protz 
Date: May 12, 1961 
Horizon Depth Description 
Ai 0-12" Very dark brown (lOYR 2/2)* friable silt loam. 
Very fine to fine granular structure. Many 
large roots and worm casts. pH 5.2. Boundary 
gradual to: 
Ag 12-20" Very dark brown to very dark grayish brown 
(lOYR 2.5/2) friable heavy silt loam. Fine 
granular structure. Many fine roots. pH 5.3. 
Boundary gradual to: 
B% 20-29" Dark brown (lOYR 3/3) friable to slightly firm 
light silty clay loam. Fine granular to fine 
subangular blocky structure. Many fine roots. 
pH 5.4. Boundary gradual to: 
Bg 29-37 " Dark brown (10YR 4/3) slightly firm silty 
clay loam. Fine to medium subangular blocky 
structure. Many fine roots. pH 5.6. 
Boundary gradual to: 
Bg 37-44" Dark brown (lOYR 4/3) slightly firm heavy silt 
loam with matrix containing many common dis­
tinct olive gray (5Y 5/2) mottles and many 
fine faint strong brown (7.5YR 5/6) mottles. 
Subangular blocky breaking to fine granular 
structure. Few fine roots. pH 5.7. Boundary 
gradual to: 
•Moist Munsell colors. 
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C 44-54"+ Dark brown (lOYR 4/3) massive silt loam. Many 
prominent coarse olive gray (5Y 5/2) and com­
mon distinct fine strong brown (7.5YR 5/6) 
mottles. pH 5.7. 
Remarks : Several black (lOYR 2/1) krotovinas and worm 
castings throughout the profile. The profile was 
acid. 
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APPENDIX D. PROCEDURE FOR DETERMINATION OF 
NaTPB-EXTRAC TABLE K 
A 5 gram sample of soil (<2.0 mm.) Is weighed into a 
125 ml. Erlenmeyer flask. Add 15 ml. of a solution 1.0 N 
NaCl, 0.01 M EDTA, and 0.20 N NaUPB to the flask, shake well, 
and incubate at room temperature for desired time. At end of 
the incubation period the soil-extractant solution is washed 
with water into a 500 ml. Erlenmeyer flask. Enough NH4CI 
(an aqueous solution of known concentration) is then added 
so that the final volume (500 ml.) will be 0.50 K in NH4CI. 
A 60 ml. volume of an aqueous, 0.10 N solution of HgClg is 
added next. Care must be taken to have the laboratory proper­
ly ventilated since vapors from HgClg are poisonous. Place 
the mixture on a hot piste, bring to a boil, and boil slowly 
for 20 minutes. Remove the flask from the hot plate, cool 
to room temperature, and let cool further for about an hour. 
Filter with gentle suction through #50 filter paper into s 
500 ml. volumetric flask, washing the residue on the filter 
paper with 0.50 N NH4CI. Bring the flasks to final volume 
with 0.50 N NH4CI. Take an aliquot of this extract and 
analyze for K, using flame photometric methods. 
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APPENDIX E. DATA FOR K RELEASE TO NaTPB FOR 
KENYON AND DINSDALE SOIIS 
Inches 
depth 
0-5 
5-10 
10-14 
14-19 
19-25 
25-33 
33-40 
40-47 
47-54 
54-62 
62-76 
0-7 
7-11 
11-15 
15-21 
21-29 
29-36 
36-43 
43-50 
50-56 
56-62 
62-73 
PPM K Inches 
Horizon 7 day 60 day depth 
Kenyon 
PPM K 
Horizon 7 day 60 day 
P- 700 
iii 
I-II 
II B21 
b22 
b23 
li 
°S 
Bl 
1260 
1290 
1860 
1110 
1800 
2100 
2340 
2790 
3120 
2640 
2460 
P-704 
I 
II B32 
b33 
n1 %21 
°22 
1980 
2400 
2940 
3440 
3600 
3765 
3780 
4080 
3900 
3440 
3780 
0-5 
5-9 
9-13 
13-18 
18-84 
24-30 
30-37 
37-45 
45-55 
55-65 
65-74 
74-84 
84-90 
Dlnsdale 
2760 3420 0-6 
3300 4020 6-Î2 
3810 4230 12-16 
3600 4380 16-21 
3360 4855 21-26 
3420 5220 26-30 
3600 4620 30-37 
3750 4440 37-44 
4020 4680 44-48 
3300 4320 48-58 
3120 4320 58-66 
P-701 
tlPl 
Aip2 
a3 
II Bi 
e21 
b22 
b23 
b31 
b32 
Cl 
£12 
=r 
1140 
1620 
1860 
1950 
2460 
2550 
2640 
2760 
2790 
2820 
3120 
2910 
P-705 
A].p 
A3 
B1 
B21 
b22 
b23 
II B31 
b32 
b33 
Oil 
c12 
2760 
3000 
3060 
3210 
3210 
3480 
4290 
4080 
3960 
3480 
3120 
2100 
2400 
3090 
3600 
3750 
4125 
4440 
4440 
4500 
4740 
4800 
4980 
5040 
3840 
3960 
4200 
4080 
4020 
3900 
4560 
4560 
4620 
4020 
3840 
